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THE “CELESTIAL CYCLE,” 


CONTINUED AT THE HARTWELL OBSERVATORY. 


OTEODUOTIOIir. 


(^PMhsoph^ aaa) “ bo inform 
Tho mind that is within us, so impress 
With quiotuess and beauty, and so feed 
. With lo% thoughts— that neither ovil tongues, 

Rash judgments, nor the sneers of selfish mon, 

Nor groQtings whore no kindness is, nor all 
The dreary intercourse of oommon life. 

Can e’er prevail against us.” 

WoEDSWOETU. 

More than a dozen years ago, I published a work under tho title of » A Cycle 
of Celestial Objects,” which brought our general astronomical knowledge pretty 
fajjly up to the year 1844; but oyon in the brief span of time that has elapsed 
what a wonderful adyance has been made, both in tho theory and practice 
of that sublime science I Since then, the powerful meridian-instrument at 
Greenwich,-the monster telescope of Lord Eosse,-the multipHcation of large 
refractors, as weU as the application of electro-magnetism to. transfer the beats 

of a clock from one station to another, and to register celestial culminations 

haye been successfully accomplished. Noyer was the pursuit of Astronomy 
more liberally cultiyated by the goyemments of Europe than during the time 
here cited, and our Colonial institutions haye pulled a strong oar in the general 
moyement ; while in the United States of America, seyeral public observatories 
have been so efPeotively established and worked, as already to have taken their 
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.laces m the &out as it were saltm.. Since the above rnentioned 

r w: — the . 0 ^. ana ^ 

xansacked with such spirit and perseverance, that no fewM ^an m y 

asteroids have been detected and harnessed; an e sa p 
triumph has witnessed the proudest result of astronomical theory and practK'c 
rrhioh the world has boasted since the time of Newton, namely, the prcdrcrion and 
discovery of the trans-Uranian planet. Neptune. Thus has science trod a bnlhant 
career of energetic advancement in the domain of intellectual culture, diligon y 
detail and generalization of the Hghest order; and, under the sure 
photage of sound induction, it has largely aided in the comprehension of tho Uvws 
and order of the material universe. All this directly tends to advance our know- 
ledge of the grander phenomena of Nature, on which successive ages will con- 
tinue probably to throw progressive Ught ; for, notwithstanding all tho late 
harvests, we must not for a moment imagine that but littlo more is obtaiuablo. 
In a word, promptness and accuracy in opening out tho speculative faculties 
of man, form the distinctive glory of the age wo live in ; and, with astronomy 
as with aU other branches of human acquirements, the discoveries already mode., 
instead of exhausting the pursuit, should only act as allurements to vigorous 


energy and renewed hope. 

!From. this grand and truly wonderful theme, I must now doacond to tho 
joon^deration of my own mite towards the general progress ; since thoro appears 
to he a rational inducement that I should add another phase to my Cycle, as 
w^ll. tci record the grand reveabnents that have dawned on the cultivators of 
astronomy,; fts to enrol the observations which I have made at Hartwell since 
the dismantiiiig of, the Bedford Observatory. We shall therefore oommonco 

I , at once with the C5yote?s — 

' ! , " ' ' '' 

- : iNTRODUCfTQKT Sfi^ETOH OF THE PROGEESS OF ASTRONOMY. 

I, '''''' ' 

HiTTyritOTi: As'fiioi>^o>rY.^Qn this subject (Cycle I. p. 4i) I have further to 
, : — A;a the spl^ edipse,; for which the two state oflcers Ho and Hi — -having 
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failed to predict it— were sentenced to death, is the most ancient ohseryation 
of which any record has been preserved by History or Tradition, it is of the 
highest interest in the reminiscences of man as well as of science. I am 
therefore happy to avail myself of a correction and elucidation of this pheno- 
menon which my late Mend li. W. Eothman, Begistrar of the London Uni- 
versity, placed in my hands after his having road the statement that I have 
given, and found the authority which I had followed was upwards of forty 
years out in the date. By carefully scrutinizing the discussions of the Jesuit 
missionaries De Mailla and Gaubil, and by using better means and tables 
than they could obtain, Mr. Eothman satisfied every indication of the old 
Chinese account, and confirmed all* the particulars : — 

“ It appears,” said my Moiid, “ that a history called the Chou-King^ a work of tho liighost 
authority, though its exact date is not known, contains a statement to tlie following effect ; That, 
towards the beginning of tlio reign of the ISmperor Tguou-Kang, on tho first day of tho third 
moon of autumn, the sun was eclipsed in tho constellation Fang. * # * • Another chronicle, the 
Tchou-Tohou, loss ancient, though still of high antiquity — for it is anterior to tho year 460 B.O., 
furnishes more particulars. It states that tho edipso in question took place in tho 'filth year of the 
reign of TonotJ-KANQ, on the first day of the ninth moon; and it adds the cycle cliaractors for 
tho day and year, which correspond to the 13th of October, 2128 B.c. 

As our able scholar justly recognised this to bo the earliest existing mu- 
niment of astronomy, and saw its importance in chronology, he determined to 
ascertain, with the improved appliances of the present ago, whether such an 
event roaEy took place at the time specified. In the conclusion from those 
promises startling as tho antiquity of tho observation undoubtedly is — he 

actually found all the indications of tho Chinese historians completely verified 

that a great eclipse occurred at noon-day on the identical 13th of October, 
2128 B.o. ; that the sun was in the sign Bang {Soorpvus) ; and that the 
elements must have been as follow; 


♦ See the eleventh volume of tho Memoirs of the Royal Astronoraioal Society. Mr. Rothman cites Tohou-Klng 
(Shu-Kang) as a hook, whereas another good linguist interpreted it to me as a person. The names however may 
he easily reoonoileable were it worth the whUe.of a duly qualiBed person to rake among the Tsu-Shu, the 
Kang-Muh, the Ping-Hwan, tho IH-Kien, and the Ting-Wangs ; but it is the eclipse which it is requisite liero 
to keep in view, as a capital starting-point in the Soidntia Smwoa. 
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h. 

m. 

u. 

Instant of true conjunction, Paris m. t. from midnight, 

20 

11 

52. 

True longitude of the luminaries .... 

183° 

37' 

39" 

True latitude D 

+ 

31 

11. 

Horizontal equatorial parallax D .... 


65 

59. 

Horizontal semidiameter s ..... 


15 

16. 

Semidiameter O . • ..... 


16 

IG. 

Horary motion D in longitude ..... 


31 

10. 

,, ,, latitude ... 


2 

53. 


It farther appeals that the residence of the Emperor Tclioih-Kcmg was a 
town of the third class, called Tay-Kcmg-Kien, in latitude 34° 7' north, and 


longitude 40° east, from Paris, according to the missionaries. With those data 
he found that in mean time from midnight at that place there would follow : — 


li. m. H. 


Instant of the greatest eclipse 
Least apparent distance of centres 
Apparent semidiameter of D 
Magnitude of the eclipse, in digits 


12 8 47. 
3 ' 41 ". 
15 28. 
10-5. 


SO that a most important historical phenomenon is fully confirmed hy modern 
science, after an interval of no less than 3986 yearsl This is a far more 
remote date than the one which I cited (vol. i. page 5), as the earliest of 


the Chinese observations on which the illustriouB author of the Mecaniquo 


Odleste placed confidence: there is, however, a senior claim in the Eralimin- 
ical Surhya Sudddnta (svm demonstratedj t on which Laplace said — 

“ I find by my theory that, at the Indian epoch of 3012 years B.C., tlio apparent and annual 
mean motion of Saturn was 12° 13' 14", and the Indian tables make it 12° 13' 13" In like 
manner I find that the apparent and annual mean motion of Jupiter was, at tliat epoch, 30° 20' 42", 
precisely as ia the Indian astronomy.” 

Moreover, I am told hy a Pundit who is somewhat versed in these matters, 
that there is greater reliance to he placed on the ancient Chinese writings than 
on the Sanscrit, which latter are represented as heing disfigured with inter- 
polations, forgery, and falsehood 1 On this point authorities differ. 


Eclipse op Thales (Cycle I. page 8). Since Mr. Baily devoted his 
talents to this historically and chronologically important eclipse, it has for- 
tunately attracted the attention of my valued friend Mr. Airy, who, fully 
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armed in the panoply of modern improvemouta, advanced to the discussion 
with the research of an antiquary, the zeal of a scholar, and the ability of a 
mathematician. In an essay published in the Pliilosopliical Transactions for 
1863, he has attractively investigated tlio reported ocb'psos of Agathoclcs, Xerxes, 
and Thales, the objects being 


to explain the state of lunai* astronomy, as bearing on the caloulaLlon of distant oi‘.li]>H('s; to 
employ the eclipse of Agatliocles as the cardinal eclipse from wlxich the lunar cleineiits wore to bo 
corrected, in order to obtain certain grounds for coin])iiLjition of the eclipse of ITiales; aiul to cifeet 
that correction in a systematic "way, by supposing tbc place of tbe moon’s node liable to error, and 
exhibiting the cliango in the path of the shadow as a numerical multiple of that error.” 

Mr. Baily had arrived at the opinion, that only a total solar ccli])so could 
satisfy the account given by Herodotus, and ho made Agatliocles land in the 
Leaser Syrtis, after passing through the shadow of one; but I afterwards oon- 
vinced him that the disembarkation must have occurred at tlio Quarries, now 
called Alhowarreah, near Capo Bon, from a survey which I had made of that 
coast thereby also confirming tho statement of Diodorus Siculus, 1. xx. c. i. 
He then expressed dissatisfaction with his Paper, and jn’oraised to return to it 
some day : but that day never came I Alhowarreah was ado])tcd as the place of 
landing by Mr. Aiiy ; though, from various moral and ])hysical causes bearing 
on the question, I could not also agree with him either in supposing that 
tho crafty Sicilian sailed through the Carthaginian fiect, braved Scylla and 
Oharybdis, bearded the hostile Panormitans, and incurred a lengthy passage 
north of Sicily, wliile there was a comparatively clear southern route. How- 
ever, a supplement to that memoir was road to tho Hoyal Astronomical Society 
in June 1857, in which Mr. Airy states; — 


“ Scarcely bad tbe paper \Lhe essay above alluded to] biion given to the puldie, wlum 1 perceived 
that I had done wi’ongly in tacitly assuming all tho lunar elcinont.s to bo correct, ex<'(i[)t tbc place 
of the node, Mr. Adams published his doubts on the correctness of the rceoivod coollioiont of tlie 


moons secular acceleration; and the alteration which ho proposed to make in its value was so large 
as materially to derange tlic calculutiojis of ancient eclipses. About the same timo tho solar tiihles 
by MM. Hansen and Olulscn were I’occivcd in this country, and tho ] daces given by them for distant 
ages dilfeied scnsihlyfrom those given by Curlini’s Tables (used in tlio investigations of 1852). It 
appeared, therefore, that the gi’ound of my former calculations was comjiletely taken away.” 
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New computations of course fumislied new results, and certain points of 
geography and military history were cleared from some of the looming which 
had obscured them. After a learned and scientific re-examination of the con- 
ditions, to which we refer aU astronomical antiquaries, Mr. Airy now hroughi, 
the route of Agathocles to the south coast of SicHy, and the ecli])sc whicli 
then happened as occurring on August Id, IS’' 40"' {Greenwich mean solar 
iime)f B.o. 309. Similar reasonings and elements gave May 28, 4’*, O'" ii.o. 
684, as the chronological point for the oft-discussed eclipse predicted by Tlialcs. 

The discoyeey claimed by Pythagoras (Cycle I. page 10). The Chinese 
records are said to show, so far back as b.c. 1100, that it was known by Tebou- 
Kang that the square on the hypothenuse of a right-angled triangle is eipuil to 
the sum of the squares on the other two sides : thus anticipating Pytluigovas by 
upwards of five centuries in the discovery which ho valued at a hecatomb. Siill, 
there cannot exist a single doubt of his having brought it to liglit indopc'iKhmtly. 

The Giralda Tower (Cycle I. page 31). To tho mention of Chdxu*, or 
Guever, it should have been added, that the invention of Algpbra lias been 
erroneously ascribed to him. Yet not only was ho one of the host asti’ononuirs 
and chemists of his age^ but he must also have boon a good architect; for 
the celebrated Giralda tower, now the belfry of Seville Cathedral, was Iniilt 
under his superintendence in 1196, and used as an observatory ol* iho boa veils 
— ^being perhaps the oldest monument in Christendom consecrated to scicmcc. 
So solid is this building, that my old friend Don Sanchez Cerquero'^' assured 
me it was still quite free from tremors, so that it would boar meridian instru- 
ments, were the upper part adapted to that purpose. It is altogether an 
interestmg structure, and those who spared it when they destroyed the mosqui^ 


• This officer led a chequered life. He was a lieutenant in the Spanish Navy in 1810, when wo lioLh com- 
mauded gun-hoats at the siege of Cadiz. He afterwards hecamo Director of the Royal Ohsorvatory of San 
Fernando, near that city, and was thus again in correspondence with me. Finally he sought refugee from trouble 
and political broils in a Capuchin’s cowl, and died in 18fi0. Ho was an elegant scholar, and well nc(iuuinted with 
the Spanish, English, French, Italian, and German languages and literature. 
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where the proud catliecbal now stands, not only displayed taste, hut also dis- 
crimination, in saving an edifice which has been equally useful and ornamental 
to the city. It towers above all its compeers far and near, and is surmounted 
by the Giralda, a brazen statue of Paith, whence the tower derives its name, 
for, although it weighs two and a lialf tons, it turjis with the lightest winds. 

Nicholas Oopernik (Cycle I. page 37). Speaking of the ancients, upon 
whom Copernieus based his celestial hypothesis, he is represented as having 
consulted Aristai-chus : but in the supplement to the seventh edition of tlu^ 
German Conversations JLexiconf art. jLstrononiiCi it is stated that Copei’nieuH 
was unacquainted with the opinion of Aristarchus, as related by Avenariiis 
{John Jiahermaii)^ the last-mentioned author’s work not having been printed 
till some time afterwards. 

Early Enq-lish Sgientipto Worthies (Cycle I. page <10).* Among the 
names selected in illustration of our claim to ])hilo8ophical ranlc in the middles 
ages, we ought to have recollected Hichard Hollo, a learned Eremite of the 
order of St. Augustine, who, from his long residence at the ])riory about four 
miles from Doncaster — whore he died in the year ISliO — was commonly cidled 
Hiclia/rd de Scm/pole. In describing the joys of heaven in his Stimulus 
Conscientise,” he gives, as a necessary preliminary, the actual situation of tluii 
celestial abode according to the astronomical theory of that period, based on 
the Ptolemaic system; showing that the “sterrid” and the “ cristaUo hovens” 
roll around us, and “ sclial never cose til doinesday — 

“ For if hit stodu never W) short fcinui stillo, 

All that GS in ortho scliold pcrisclio mid f^jiillo. 
finis tclloth the dorks of clorcio 
Tliat haveth Icriiod of Asti’ouoniyo.” 

Eichard describes the seven “ planotis that betho aboute us,” and above 
them the stars ever turning round as the nads on a wheel, eacli of thorn in 

* Oil the said page 40, line 1.3, is a slight typi<‘iil on-or : lOGShns been printed for I0(i0 ; lint it is correclua in 
the list which follows. 
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siae “ es more tlian al the erthe.” This was a pretty fair estimate for his day ; 
and his notion of their distance (aj^ud Sidrac) is certainly more exalted than 
was the demonstration of Leonard Digges, his junior hy two centuries and a 
quarter. But mark our Richard, and note how greatly his weighty rock heats 
the nine-days’ whirling anvil of Hesiod : 

“ And to tke lieglie heven couthe never clerk by eny art 
The apace gesac by a tliousand part, 

For hit cs so heyghe, Sidrac aaitli, in his monying, 

Tliat if a stone were there at with beyng 
And were of on himdrcd mennes lylling, 

Yut hit schuld be in down fallyng 
A thousand yore and nought one lapse, 

Or that hit myght al the hovena passe." 

Allusion to Hbvelius (Cycle I. page 48). In mentioning the Catalogue 
of 1664 stars, produced hy Hevelius, as being inferior to the more modern ones, 
it was rather with the recollection that ho obstinately adhered to the uso of 
pvmaGles in making Ms observations, than to any deficiency of zeal or skill 
in the observer. He was blind to the advantages of the telescopic sighis th(m 
in use elsewhere, though, when we consider the state of practical asironomy 
in that day, he was really a surprising man ; and in all comparisons of the 
kind He Morgan’s exccUcnt advice should bo borne in mind : — 

“ The reader who is unaccustomed to tliiuk of scientific histoiy may tnuipl’cr ^l()r(^ modern 
views to the credit of older systems, and may not bo able to loam that naiues which arc now 
unknown to general fame are essential to a sulficicnt view of history ; and in both thes(i errors he 
may receive some cucouragcuicnt from many who pught to know better, hut then; is one still 
greater error wliich he will actually learn from the vnitings of die best histoiians, and from the 
conversation of those who arc best qualified to read the histories: namely, to judge, tlu' merit and 
demerit of a former age by die comparison of tlicir methods with our own, instead of with the 
methods of those who went before them. No one is so conspicuous a teacher ol' this lolly as 
Delambro, the greatest of astronomical historians; but the fault is that of his time,. W(‘ are in the 
midst (let us hope near the cuhnination) of a long reaction eonsequont upon the long period of 
excessive reverence for antiquity. The ninetecntli century will be known in history us the most 
uplifted of the self-glorifying centuries; and diosc of a remote time, to whom the flillhronce. hetweon 
the sixteenth and tlie nineteenth centuries will, as viewed frem a distance, not seem fpiiie so great 
as to us, will be amused by our crowing." 
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Captain BIallet (Cycle I. pages 64 and 66). My mention of this very 
distinguished philosopher’s being an acting-captain in the Uoyal Navy, has been 
carped at by one more addicted to controversy than to argmnont, who insists 
that he was only a “sort of passenger in a hired vessel, for the Paramour 
never belonged to our Q-ovornment.” His grounds for assertion I Icnow not, 
hut in Ohamock’s “History of Marino Architecture” . (vol. ii. page di35) the 
Paramour pink, lifth rate, appeal's in the list of King WiUiam’s floot. How- 
ever, to settle the point beyond idle dispute, I last year obtained through 
Captam Washington, Hydrographor of the Navy, suiRciont proof that Halley 
acted under a Royal Ooramission, as I have stated; and all tlio details are 
proved by the foUowing documents, extracted expressly for mo verhalim el 

Uteratlm from the Minute-Books of the Admiralty.-Pirst, his instructions, 
dated 16th October, 1G98. — 


“ Wliei'oM luB Majesty law 1.0,™ pleased to lend liis Pint tlu^ Paviunoi.v Idr yom- ]m>efcding with 
her on an oxpodilion to unprove the knowledge of the Loiigitiiile and vamtions of the Coiniiassc, 
wliicli aluppianoweomplotelyMau’d, SUn-ed, and Viotualled at his Majesty’s (Jliarge for the said 
lixpodition: Ton are therelore hereby roi|Hirod mid direelod to pvoored wilJi hui- ureordine to die 
loUowing inatr notions: — 

“ You arc to make the bc.st of your way to ilic Houllnvard of tliu Kquator, and lliero to tilwci-vo 
on tlicEast Coiust of South America, and tlio West Coast of AllVica, Ihc variations oftlic (Jonijiiissc 

witli all the accuracy you enu, as also tlic true sitiiuLioii boll) in Jgongiludo and Latitude of the I‘orls 
where you arrive. 

“ You are likewise to make the like oliservations at as many of the islands in tlu' seas hetwivii 
the aWud Coasts os yon can (witliout too miieh (Uwiation) bring into your Con i-se; and, if the 
season of tho year permit, you are to stand soe larr into the South till you diseov(‘r the Coast ol‘ th(> 
Terra Incognita, supiiosed to lye hetwocn Magoluii's Sireigbts and tlio C«i,e ol‘ Qood Hope, wldel, 
Coast yon ai’o caretully to lay down in its true position. Ju your rcLiini home you are to visit tlie 
Lnglish West India Plantations, or as many of them as conveniunlly you may, and in them make 
fUic i diservations as may contribute to lay tliem downe truoly in their Gcogiupbicall Seituation. 
And m all the Com-ao <d’ youi- Voyage you must bo carcfull to omit no opportimity of noilmr iJu- 
variation of the Compapse, of wliieli you arc to keep a Thigistcr in your Jouniall. 

“ You are, for the better Icngthiiiiig out your Provisions, to put tho men unden* your eomimuid 
when you come out of the Channel to six to four men’s allowance, assuring them that they shall 
be punctually pay’d for the same at tho end of tho voyage. 

^ “ You arc during the Tonn of this Voyage to be very carefiill in conforming yom-self to what 

IS directed by the Generali Printed Instructions lumexcd to your Commission, with regard as well to 
us Majesty s honor, as to the Government of the ’Shipp luidci* your Comimmd. And, wlien you 
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return to England, you arc to call in at Plymoutli, and, finding no order tlicrc to the eontraiy, to 
make the best of your 'way to the Doivnes, and rcmainc there till further Orders: Giving ns an Ace'' 
uf your arrivall.” 

This document, so conclusive of Halley’s full command, is duly signed 
by the Lords of the Admiralty, countersigned by their woU-known Secrcitary 
Mr. Burchett, and addressed to “ Captain Edmund Halley ^ Comnimidor of His 
Majesty's Pi/nh the Pa/ramour'* And respecting the mutiny for wliich his lieu- 
tenant was cashiered, as asserted in the Cycle (I. page 55), a full proof is given 
in the order sent by the Admiralty to “ Sir Cloudesley Shovellt Knl. Admiral 
of the Blewe^ Downes." This is an exact copy of that document : — 

“ Whereas wee have rcc‘^ a Letter C:om Capt“ Halley, Coinand’’ of hia Maj(iaLic!’a Vcsacll the 
Paniniour Pink, complaining of Lieut. ITai'rison, tlic officer which acta aa iiial.c' and Lieut, of the 
said Pink, a Copy whereof comCwS inclosed, which complaint Wee think fitting sliould Ixi iiujuired 
into at a Court Martiall upon her arrival in the Dowtios; You are tlu^refim^ lu'r(d)y re(|uire(l and 
dii’cctcd to cause the same to ho strictly inquired into and tryed at a Court Martiall accordingly, for 
holding whereof you are ciupowcrcd hy our late Warrant to you. 

“ And, when the Coiu't Martiall shall he over, you are to order the Cothander of l.ln* said Pink 
forthwith to ropairo with lier to Long-roach, and thcro hasten the putting ashon^ Ikm* Guns, Stores, 
and Provisions, and from thence to proceed to Deptford, where she is to he j)aid off and laid up. 

“ Dated &e. the 29th of June ’99. DiirnOEWATElt. 

Haveuhiiam. 

Robeet Kicri. 

“ By command, &c. Geouge Rooke. 

JosiAir BuiiouETT.” David Mitoiiebl. 

By the Paramour’s being paid off after the ringleader of the mutiny was 
broke, an opportunity was afforded of getting rid of all her malcontents ; but, 
so far from being “ laid up,” she was again placed under Halley’s command, 
and in September of the same year, 1699, he proceeded a second time on th<^ 
mission of Magnetism, Longitude, and Maritime Discovery. No doubt thou 
can possibly remain of his naval commission ; but the above evidence may b(^ 
clinched, and the value of Halley’s scientific acquironumts shown, by unotbor 
official document, which the Admiralty sent him when ho had completed his 
Atlantic voyage : — 

“ Wliercas his Majesty’s Pink tho Paramour is particularly fitted out and Putt under your 
Command that you may proceed with her and ohserve the course of the I ydes in tlu! Clmmudl of 
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“ *° FO^-d 

Wio ^d vossoll, md uao yotir utmost otue and Diligeneo in oisei-rin.. tlie course of 
m».uhngly as wdl in the Mldaea as on both Shores. As alsoe the Preci times of High and Low 
1,0 tlto Sett and Strength of tlie flood and Ebb, and how many feet it flows in as mmiT and 

(‘irnoinr" ’"'“T ^ maly phees in th! 

lilZng t™. » 

.“ y™ ™ F ‘”ke the time bearings of the IWpal head Lands on the E nglish Coast 
.me horn anotlmr, and to oonW the meridian as ofen as yon conveniantly can fiiom side to side of 
Chanuoll, rn oidor to lay downo both coasts tmoly against one another. 

“ And ,n case during your being employed on this semee any other matters may occur unto 
you, thp and Publishing whereof may tend towm-ds the security of the navigation of the . 

suhjeote of his ^ijosty, or other princes trading into the Chaunell, you are to be very oarefull in the 
•akmg iiotico tlioreol ; dnd when you sliaU have performed what service you can, with i-elatdon to 
pat tioiil,ira bofore-inontioned, you are to rotumo with the SHp you command into the River of 
IJiiUTiea, jriving us froui time to time an account of your Proceedings. . 

“Dat(!d this 12 Jimc, 1701. 

Pembroke. 

Davttv TVrTnnr<Tn?T t 

“ l!y command &c. J. BtntonETT.” Geoege Chdbohill. 

To Ciipt“ Eclni*^ Holley, 

Oomd‘' of liis Majesty’s 
Pink tlic Paramour. 


Tilh Eaeth s Rotation on its Axis (Cycle I. page 63). Since H-ii.g state- 
ment of tlic impossibility of the Earth’s being in absolute repose was pub- 
lished, WQ liave all been most unexpectedly delighted with a material chamber- 
demonstration of the diurnal rotation of our globe — an acknowledged fact, yet 
hithorto baffling to the senses — by my friend M. L6on Eoucault. This result 
ol profound conception, and ingenious experiment, was reduced to easy practice 
by his long pendulum : for, although Laplace did publish the principle in a few 
words, ho at the same time stated, that the effect could not he rendered mani- 
fest on account of accompanying phenomena, which would OYerpower the weak 
inlluonco of the earth’s rotation. It is true that there is another cause present, 
namely, cDiptical motion, which will also make the pendulum’s .plane alter, 
and wo have to ascertain the amount of each. The nature of the elliptical path 
which the pendulum will be found to describe must he used as a correction, 

o2 



12 


CELESTIAL CYCLE. 


according to its direction and the latitude of the site, to the rate of change 
of plane, and the residue will give the earth’s rotation. Therefore, unless 
this process when appHed to the whole cliange in the Pendulum’s plane leaves 
exactly 360° in 24 hours, which is the assumed rate of our rotation, we 
have not thereby confirmed it. 

In this adaptation M. Poucault has not been allowed to walk the course. 
A claim was started for the Academicians del Crniento, who had made nume- 
rous observations on the motions of the pendulum, in and about 1660, but it 
seems that the anomalies which they detected were not supposed to have any 
connection with terrestrial rotation. And in a Paper of the Philoso])hical 
Transactions for 1742 (No. 468) by the Marquis Poli, in the course of some 
observations oij a pendulum of a ditferent kind, the author remarks — “ I then 
considered (adopting the hypothesis of the earth’s motion) that in one oscilla- 
tion of tlie pendulum there would not be perfectly described from its centre 
one and the same arc in the same plane stUl he did not perceive, probably • from 
the imperfection of his means, how nearly he had gained the truth, for reason- 
ing of a higher order, conjoined with the accumulated mathematics of ages, 
require to be called in to assist raw phenomena. 

The resulting experiments are based on the principle, that the direction of 
a pendnlum’s plane of vibration is not affected by any cosmical motion of 
translation which may be given to its point of suspension; let us therefore 
consider 'an extreme case. If a pendulum, suspended any where so near the 
pole of the earth that the circle around it may be considered a plane, be put 
in vibration on a plane passing through the pole, this plane, continuing parallel 
to its origmal direction, as it is carried by the earth’s rotation round the pole, 
win make a varying angle with the line drawn to it, from the new position. 
After having thus gone through a quarter of a revolution, it wiQ make an 
angle of 90° with the line first drawn to the pole, and so on. In confirmation 
of this assertion it will be found, all else remaining the same, that there will 
be no such effect if the experiment be tried at the equator instead of the pole. 
Now M. Poucault perceived the result which must ensue on the pole’s appearing 
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to be carried round tlie plane of the penduluni’a vibration : he reasoned on the 
resolution of the rotatory motion of any point of the earth’s surface into two 
motions, namely, one round that point, and the otlier at rii>ht fingles to tlu^ 
foiniei, which would not affect the plane of the pendulum’s vibration, although 
the first would do so. Well might evprj/ca liave burst from his lips — for thus 
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with an instrument easily carried from place to place, he has rendered what 
was a perplexing problem now sensible to the eye by our own fireside : since 
the results being the direct effect of terrestrial rotation, they supply a pal- 
pable proof of that long-contested motion, without reference to objects beyond 
the limits of our globe. 

A year and a half after the successful exliibition of the pendulum, M. 
Poucault presented to the Academy of Sciences another convenient chamber- 
method of revealing the earth’s rotation, by a mechanical method. Tlio gyro- 
scope consists of a veiy thick metaUio disc pierced by an axis, the ends of 
which are supported on gymbals in a brass circle, and that is again similaidy 
sustained in an outer circle by pivots at right angles with the axis fii'st nien- 
tioned ; in short like a marine barometer, only that the exterior ring ivS sus- 
pended by a thread without torsion. Wlioji tlu^ 
heavy metallic disc is made to revolve with gi’(\‘it 
velocity, its axis preserves its direction uiuiltorcd, 
despite the earth’s rotation, until the disc relaxes 
its speed, and during tliat interval it is easy to mea- 
sure the apparent change owing to the translation 
of the point of suspension. The perfect balancing 
of this instrument however is very difiicult, and so 
much depends on the due adjustment of the scrcjws, 
that it is by no means a proof of the time required for the complete gyration ol* 
our globe, as the apparent period depends on that adjustment. Nor is it cither 
a new apparatus entirely, or a new application of it, as Mi*. Sang of Edinburgh 
fully described and published the one and the other eighteen years ago, although 
the practical accomplishment’ was not carried out for want of funds. 

Moreover, with the exception of some refinements, the gyroscope in its 
present form has been in use during 50 years to illustrate precession, and there 
is still in Edinburgh the original instrument presented by Laplace for that 
purpose to Professor Playfair, whose successor, Sir J. Leslie, used it regularly 
for many years in his Lectures on Natural Philosophy. 
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As far back as 1762 a paper was read by Mr. James Short to the Hoyal 
Society of London, describing Mr. Serson’s “horizontal top,” which continued 
to spin full half an hour, and whose “upper side, wliich is poLished, about two 
minutes after it was set up, sustained itself in such a manner as to offer a true 
horizontal plane j and that this plane was not disturbed by any motion or 
inclination you give the box in which it is placed, and therefore might bo 
proper to be used aboard a ship ; by which moans seamen might bo enabled to 
take the altitude of the sun or stars, in order to And their latitude, oven thoudi 
they. cannot see the horizon in thick or hazy weather.” But the inventor was 
unfortunately lost in the Victory, 110 guns, before he could perfect his labour. 

This experiment was repeated about the year 1820, by our celebrated 
mechanist, Edward Troughton ; still, as the supporting pivot partook of iJie 
irregular movement of the ship, with other disturbing forces, it proved a 
failure, despite many clever appliances. Accordingly, when I retm^ned to 
England in 1824, on inquiring of my old friend as to tbe result, ho said in 
his usual terse manner, “Ah, I thought I was making a good artificial horizon, 
but it turned out to be only a spinning-top 1 ” * 

In 1846, my son. Professor 0. Piazzi Smyth, being then on liis homeward 
voyage from the Cape of Good Hope, imbued with the full importance of 
astronomical observations by ten years’ experience in that observatory, tried 
various moans of obtaining an artificial horizon at sea, and of eliminating the 
angular motion- of the ship. In 1846 ho made practical acquaintance witfi 
Troughton’ s fruitless application of rotatory motion to the same purpose. But 
from the year 1860, when he began a course of Lectures on Astronomy in the 
University of Edinburgh, including Navigation, Professor Smyth sot himself to 
work, as a duty, to endeavour to improve the instruments, and to facilitate thc^ 
use of them. He accordingly, step by step, came to an opposite application to 
that adopted by M. Eoucault, of the rotatory principle, and achieved an appa- 
ratus for giving an invariable plane to a platform for astronomical instruments 
to bo used at sea — and a precious boon this would bo to navigation! Ho 
defines it as his Comjpoimd-free-re'oolver-sLand, based on the simple dynamical 
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law ol* the tendency of a body in rotation to retain that movement in th(^ saimi 

plane, if perfectly balanced, irrcspcctivo of tbe^ 
motion of external objects : in otlicr words, that 
a body revolving round one ol* its axes of per- 
manent rotation, free irom disturbances, will ju’e- 
serve its plane of rotation unaltered.* L subjoin 
a sectional view of this stajid, — a liivtbor descrip- 
tion of whicli wUl bo found in the invcuitor’s 
Essay on the Angiilur DUil'iirbavodis of 
printed in the Transaotions of tlu^ Iloyal Scjottisb 
Society of Arts (vol. iv. part iv.) 

There has however been no little conrusion 
in the puldic mind on this bead, by not making 
a proper distinction Ix^tvvoon the Eoueaiilt gyro- 
scope and.Piaz/A Sjnytli’s Erc'e-rovolver-stand- - 
the former being constructed expressly to show motion in tlu^ votai.ion of our 
globe,— while the hitter is intended to counteract and iKuitraliscV t‘V(‘ry irrc'gular 
disturbance of the ship or other substratum. TMio Professor, by taking advan- 
tage of the permanence of its direction in space which !i rotating body strivijs 
to maintain, enables us to tjiko the necessary observations at si‘a, indc'.pcnidc.nt 
of the pitching and rolling and sconding and yawing of tlu^ vi^ssid amid tlu^ 
waves; and this very important result he has shown to bo pra(!tioal)l(\ in his 
paper entitled “ Experience’s with a Frca-livvol'ocr-Hlwnd for o Tr/rsco/ia al 
Seaf made during a voyage to Tencriffo in the summer of IHob. II(^ hud 
the satisfaction of being the lirst man who in a trouhl(?d sea looked tiirough 
a telescope steadied by tho same mechanical agency as that which prcisc^rvc^s 



* Sir John Hersohul, in liU OuUinus of Astronomy (1858), tlcHcrlljcH an ulofifunt oxporimo.nt wUli !iu IH-inch 
globe, by ^vhich the mechanieul faet^upon which the whole theory Imngs may he rendeinal (‘vitleiiL lo the Hennes : — 
if the globe be taken out of its wooden stand, and liehl with both hands by tbe bviiss meridian in a horizontal 
position, no additional oflbrt is required, thongh tlio globe bo spun rapidly on its axis, until an endeuvonr is mad«'» 
to change tho direction of tho axis, when tv cousiderablo resistance will be felt. This was suceosHlully proved on 
my visit to Mr. Tsoao Fletcher, at Tarn Bank, Cumberland, in the snino year. 
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the eonstaoicy of the direction of the earth’s axis in si)aoo. But lot him speak 
for himself: — 

“ Having performed these adjustments, and brought tlic horizon ol'tlio sou into the Held of view, 
I was delighted to find it rcniain there, absolutely uninllueniiod by the rolling and piLehiug of the 
yacht; nay it oven remained bisected on the wire, sufficiently long for the caplain, the, first and 
second mates, and several of the sailers to look in and bear witiicHs ol‘ the fact, 'rhe^f saw this 
consummation long desired at sea, and they took kindly to the. instrument, tlu.ugli it was an inno- 
vation on nautical practiec. 

In order to perfect the balance ol some parts of the machine!, which had left its makiir’s sho]) 
ratlier unfinished, T kept the sailors for several days working the driving wheels wli]I(‘ I was expe- 
rimenting; they laboured at them with enthusiasm, indeed rather too much so, fur one iiufortuiial.e 
evening, when the instrumc-iit was so nearly pcrfi!ct, that 1 hopoA in the (ioursc of the iiighi, lo 
essay the grand nautieal problem of obsemng an eclipst! of ono of diipiter’s satellites, the sailors, 
impatient of getting up immediately the lull speed, e, lapped on a ro 2 >(‘ to llie limidli! of tlni driving 
wheel, and pulled away in such stylo, that they twisled the strong steed flriving axl(! in two, and 
wore themselves laid Hat along the deck.” 

Moreover, that it may not appear to he loft a oiic-Midod argmnont, I will lierc^ 
subjoin a passage from the Astronomer Hoyal’s Ueport addressed to the Admi. 
ralty, in answer to tho Council of the Hoyal Scottisli Society of Arts : 

* On the general principle I hav(! to remark that it is theoretically c.orrecL. Jn the aj)j>licwllon, 
vaiious small practical difficulties have beem mot and ovm’conic. The ajiparal.iis has been tric'd by 
1 rofessor Smyth m his voyag(! to Tcnerilfe in a small ship; and as tost of steailljiess, a telescope 
carried by the pladbrm was clircc.tcd to tho sea horizon, and a wire! in the field oI‘ view was brouglit 
to the horizon while the ship was in viol(!nt motion. From my acqiminlanec! witlj the theory'^of 
the cunstruction, and Irom tlie experience I have had in liamiliiig the models first made (which 
when the (ly-whcel is in rapid rotation resist all c.liaiigc of ineliiiation with a perLinacUy whicli 
appears magical,) I do not doubt that this statement is strictly acc.iirale. 

“ I attach little inqiortanco to the mechanical difficulty which I liave marked ii. [the upparaLua 

being above the ahifs centre of gravity): 1 have no doubt tliat easy and iucxiicnsivo trials ofiipparal.iis 
will master it. ‘ 

‘‘ It will iierlmiis be necessary for Hiqijdying tlic want marked a {ineam of olmrvintj altifudes nntJt 
an invmble hooison), and will certainly be neeeasury [or h {using the adnmih-oonpass), xiwA c {obaerr- 
tng Jupiter 8 satellites), tliat means should ])c contrived for coiinU'racting ihe yawing movement ol' 
the ship. It IS sufficiently obvious dial adoiitiiig a repetition of the sami! priucii>]o but iu a dillbrcjil 
form, a fly-wheel whose plane is vertical, may be used to chock the iri'egularitics of horizontal yaw- 
ing. I am informed by Professor Smytli that he has tried the combination ol'borizontul ily-wbecl and 
vertical ny-wbecl in model, tmd lias Ibnud it Lo answer quite well, but it has not ycL be<!n tried at sou.” 

Nor is tliis all, for in the Essay alluded to above on the “Ajigulai* Eisturb- 

D 


# 



18 


OELESTIAi CYCLE. 


ances of Sliips” there is actually , a sectional elevation of a Pressnrc-aland, 
which may presently appear, and thereon is a gentleman sitting as coinroi‘ial)ly 
at his telescope as he would be on shore. This would he real progress artei* 
all the marine-chairs, swiaging-tables, and other pendulum-atic modillcations 
that have successively been tried and proved worthless : while the very vision ol' 
such futm’e facilitations in nautical astronomy, induces the tlionght that 1 
betook myself to soa-life a century too soon. 

EiEoent oultivatoes oe Science (Cycle I. page C8). The very H])l(Midid 
muster-roll which is there given of the Newtonian School, being still consi- 
dered rather deficient, we will now supply the following authors, as having 
borne a distinguished part in the successCul pursuit of loiowledge; and, as 
before, will append a note of their principal works. My former list exi(‘.n(l(‘(l IVoni 
the death of Newton in 1727, to the year 18dj0, since which date tln^ hand of 
death has dealt some heavy blows on the scientific circle ; for besides a niinKivous 
coi-ps of meritorious though rear- rank votaries, who have fallen viciims 1o tln^ 
Ml Serjeant,” the grave has closed over a goodly array of loaders, d(‘.j)riving ni(‘ 
of many valued comrades and correspondents. Proceed wo then to IIkj additional 
enumeration. 

1728. ficyiicau. Mathematician. Analyse demontrde. Science du Calcul des Orandeurs, 

Daniel, a harmed French Newtonian. The World of PescarUis ; a satirical confutation of the 

Cartesian Philosophy. 

1731, Taylor, Brook, Mathematician. Centre of Oscillation. Solution of the Problems of . I >e Moimi 

and Leibnitz. The celebrated Theorem which bears his name. J^evspective. 

1732. Fouillde, Mathematician., Astronomer, and Botanist. Observations Physiques. Researches and 

operations in Geography and Navigation. 

1736. FeihiQv^xdt, Philosophical Ba!perimeniej\ BissertaUon on Theimometers. Specific Gravity of 
Bodies. Gi'aduation of a standard Thermo-scale. 

1739. Saunderson, the blind Professor of Math^atics at Camh'idge. Treatise on Fluaiions. JUai- 

planations of the Newtonian Philosophy. 

1740. Kirch, Astronomer. On Comets; Occultations of Venus and Mars ; and on new Stars. 

1741. hravesande, Mathematician. The Newtonian Philosophy. Elements of Algebra, and other 

Worlcs. Construction of PneumaUcal Engines. 

1744. Mathematician. Improvements in the Baromele/t'. Tables for Suowmjing. 

— Desaguliers, Expermi&nlal Philosopher. The Newtonian System. Catopiri^. JHoptrics. 
Electricity. Mathematical Elements of Moral Philosophy. 
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1718. 

1749. 

1750. 


1751. 


1752, 

1753, 

1754, 


1758. 

17(10. 


1761. 

1765. 

1766. 

1767. 

1768. 


1769. 


1771. 


1772. 

1773. 


BomouUi, Jolin. On the EttiptietU Figwre of the PlaneU. RecmS pour lee Aaronomee. 

r ones, Wi lium, Mathematical Navigate. Palmarionim Matheseos. Quadratrix to the 
Circle. The Relations of Goniometrical Linesy ^‘c. 

Cvousaz, Mathematicwn. Gdometi'k des Lignes et des Surfaces RecUlignes et Circulaires. 

Lilhnger, PhilosopJier. Elementa Physices. De Speculo Arcldmedis. 

Jiinn, Mathematician. Fluxions. DisUnct and Indistinct Vision. Defence of the Neiotonians. 

Kobms, Maihemalical Engineer. Certainty of N&wton's method of Fluxions. Treatise on 
Quadratures. Theory of Motion. New Prindples of Gunn&ry. 

Macliiii, j ononiC'i . Laws of the Moon s Motion. 0?i the Curve described hy a descending 
Body. Various essays on Philosophical Inquii'y. 

Cl timer, Giibnel, Mathematician. Theory of Curved Lines. Elementa Universes Matheseos. 

Berkeley, Bisliop. A new Theory of Vision. Deferwe of Free-thinking in Mathematics. 

Vo\\iQSy Physicist and Antujuary. On Microscopes. On Mode Suns. The Aurora Borealis. 

Welle, Philosopher. De Algoriihmo infnitesimali differentiali. Elementa Matheseos Uni- 
versity. ^{ssoeuxte in the Acta Eruditorum. Aerometry. 

Nicole, Mathematician. Calcidua of Finite Differences. Irreducible Case in Cubic Equations. 

Ctitlyii, Maihematicum. Calculations of the Transit of Mercury, Obseiwations of a Lunar 
Eclipse. Various scientijic Essays. 

Culsoii, Maihematiciau. Fluxions and Infinite Series. Negative- Affirmative AHthmetic. 

Ihilosopher. Fluxions. Conic Sections. The Moon- Chronology. Longitude. 

M u Hsoli enbroeck, Magnetism. Natural Philosophy. Elementorum Physico-Mathe- 

maticorum. Compendium Physicce Experimentalis. 

(AH’aini, lidwarcl, Mathematician and Antiquary. Geometrical Elements. Philosophical 
Institutions. A Course of Metaphysics. 

Aiiiiih, Peter, Astronomer^ Geometiician, Chorographer, and Mechanician. 

Abiiuzit, a friend and correspondent of Newton. General Physics. On Music. 

Liwli!, Astronomer. Memoirs oil Astronomy ^ Geography ^ and Physics. On Jupiter s Satellites. 

biinsim, Mathemalician. Sectionum Conicarum. Edition of Euclid. On Porisms. 

Smitli, Jl. The Philosophy of Musical Sounds. Astronomy. A Complete System of Optics. 

btoiie, Mathematician. Method of Fluxions. Conic Sections. Figure and Magnitude of the 
Earth. Parallaxes. The Elements of Euclid. 

AuLeroulin. Nautical Astronomy . Triads of Le Roy's Time-keepers. Astronomical Tables^ ^c. 

ClituilncH, Duo de, Astfi'onomer and Mathematician. On the distance of Arcturus from the 
Sun's limb at the Summer solstice. Impi'ovements in Chemistry. 

J^ibtit'inanL, Optician, Improver of Telescopes and Microscopes. A six-foot reflector to equal a 
refractor feet long. Constructor of an Astronomical Pendulum. 

Bevis, flolm, Astronomei\ Lunar and Solar Eclipses. Venus, Mercury, Moon, i^’c. 

Rowniing, Mathematician. The Fluxwnary Method. Roots of Equations. Mathematical 
Demonsirabions. System of Natural and Experimental Philosophy. 

llutlicrroi’d, Natural Philosopher, Mechanics. Optics. Dydrostatics. Astronomy. 

Canton, Physicist. Elecitical Experiments. Artificial Magnets. Transit of Venus in 1761. 

J luin, G. Mathematician. Hydrography. Measurement of die base-line in South America. 

D 2 
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1775. DuntlioTuc, Science and Mechanics. Nautical Astronomy. On the AcccLeraiion of the Moon. 

Motions of Jupiter's Satellites. 

Riccciti, the Geometer of Treviso. On the Integral CalculuS) and other Matheniatical Ireatises, 

1776. Lccclii, Mathematician. Arithmetica Universalis Isaaci Nmobon. Gcomeirjj and flijdrostatics. 
1 Robertson, Mathematician. Law of Motiem. Conic Sections. Newtonian 1 hilosophy. LIs- 

ments of Navigation. 

1777. Beniiidj Liiwi’enec, General J^hUosophy. Theoria Electricitaiis. Astronomy and M(dhnnatics. 
Ziiuotti, Mathematician. Parabolic Orbit for the Comet of 1739. History of the JJolotjna 

Institute. M'iscellaneous Essays on Science and Literature. 

1778. Btissi, Signora Laura, Professor of Experimental Physics in the University of Loloyna. 

1779. Adclbumcr, Mathematician. Conimerdum Literarium ad Astronoinia^ 

Wiutlirup, of Now England. Transits of Mercury. Comets and Eclipises. luirthquakes. 

Transit of Venus, 1761. 

1781. Torclli, Professor of Verona, whose collected Works of Archimedes were, printed at O.tfird in 

1792. JJe Nihilo Geometrico. 

1782. Emerson, Mathenudician. Treatise on Mechanics. Mathematical Pesearches. 

D’Anvillo, Eminent in ancient and modem Geography. On the Figure, of the. Earth. 

flcll, Mux. Astronomy , Phy,siGs, and Mechanics. Observations on the. Transit oj 1 e.nns, 1769. 

Martin, Bonjaiiiin, Optician. On the Newtonian Philosophy. Enpcriinentid Physhdojiy. 

Mathematical Institutions. 

Tori’o, Dcsllii, Professor of Math&matws. Elcmenta Physica. Microscopical Instruments. 

1783. Bdzout, Mathematician. Theory of Algebraic Equaiions. Nautical Astronomy. 

1785. Stowart, Matheniakieian. Solution of Kepler's Problem. Solar Distance, \ arions Phy- 

sical and Scientific Tracts. 

WitclioJl, Practical Asti'ononier. On Lunar Observations. 'I'he Shadow of a Prolate- Spheroid 

on a Plane. A method, of clearing the Lunar JJisUmee. 

1786, Wrlglit (of Diu’luini). Pannaulicon. Claves Cadcstis. Hypothesis of the Uniimrse. 

Goodriokc, Praciicid Astronomer. Observations of Occultations and Eclipses. Various 

HcientifiG Papers. 

Wilson, A., Astronomer. The Transit of Venus in 1769. On Solar Spots. On the adapta- 
tion of Cross-wires in Telescopes. 

1788. Yoltairc, of the Scientice Amalores. Rdponse d loutes les Objections Principales, fades eu 

France conire la Philosophie de Newton. 

Wbitcliurst, Physicist and Engineer. On the true Length of Pendulums. Philosophical and 

Mathematical Tracis. Jnvaidable measures of Length, Capacity, and. We.iyht. 

1789. Bclgrado, Practical in Mathematics, Physics, Astronomy, and Ge.ograjdiy. 

Benvenuto, Carlo, Promoter of the Newtonian Philosophy. Synopsis Physicte (Jcncralis. 

1790. Magolbaens, Physicist. Experiments in Natural Philosophy and jMeehanios. 

Uslier, Practical Astronomer. Director of the Dublin Observatory. On Eclipses. Improve- 
ments in Instruments. 

Landen, Mathematician. On Curvilinear Areas. Summation of Converging Scries. The 

Solar Distance. Calculation of Fluents. Motion of the Equinoxes. 



REGENT CULTIVATORS OP SCIENCE. 


21 


1790. Franklin, P/wZosopAcT’. Researches on Electricity. On Light and Heat. Meteorology. Animal 

Magnetism. Impj'ovenients in Printing. 

1791. Fixlmilbner, Astronomer and Mathematician. Meridianus Spemlce Astron. Decennium 

Astronomicum. Observations for the Tables of Mercury. 

1794. Wallot, ProfcBBor. Mathematical Investigations. On Chronometric Arcs, ^c. 

AudiErcdi, Astronomer and Mathematician. Phenomma Celestia Observata, ^’c. 

Du Sejour, l^ioiiis, strojiomer. Recherches sur la Gnomoniqiie et les Ritrogradations des 

Plankes. Traitd Analytiqne des Mouvemens apparens des Corps Cdlestes. 

1795. UEoa, Antonio, ASVitiwcfl ftni/ Physics. Mensuration of a Degree in Peru. Entretenimientos 

Physico-Historicos sohre America. 

1796. Eittonliouso, Mathematics, Magnetism, Optics, Astrono^ny. A Collimator. On Timepieces. 
Vandermonde, Practical J\£athemabician. Elimination of unhnoion QuantiMes in Algebra. 

1797. J^itins, oC WiLtemberg, Proposer of the empirical Astronomical Scheme, ince knoion as Bode's 

Law of Planetary Distances. 

1798. Callet, J. F. Mathematician. Tables of Logarithms, Telegraphic Language, ^c. 

Donne, B., Malhenuttician. Natural and Easperimental Philosophy. British Mariner^s 

Assistant. Mechanical Geometry. 

Waring, CambridAje Professor. On Injinile Series. On Centripetal Forces. Resolution of 

Attractive Poicers, Miscellanea Analylica. 

1799. Agnesi, Signora JVJiiria, iiiuued the Walking J^olyglot.* Propositio7\es Philosophicce. Istitii- 

sioni Analitiolie. Essays in Geometry and Speculative Philosophy. 

1800. Barrington, Dailies, of the Scientia.' Anmtores. An Essay on Horology, Geographical Re- 

searches. Natural History. On Climates, 

Kastner, Mathematician. Mechanic.'^ and Hydrodynamics, History of Mathematics and 

the Higher Geometry. Essays on Pure and Practical Seience. 

Young, M., Philosopher. Quadrature of Simple Curves. Sounds. Eqidnoxes. Sphencal 

Errors in Object-glasses. 

1801. Sylvubelle, Astronomer. Observations on Jupiter’s Satellites. The Transit of V&nus in 1782. 
Triesnccker, Various Mathematical Essays. Compiler and Publisher of the Vienna Ephe- 

nierides. On Chronological Investigations. 

1802. .^pinus. Physicist. Inquiries in Phamomena. Teniamen theorice Electrieitatis et Magnetisimi. 
Davquier, a practical Astronomer. On Uie Georgium Sidus. Observations Astronomiques, ^c. 

1803. Jackson, ol' Exeter, Musician and Physiinst. On Planetary Orlnts. Philosophical Letters. 

Theory of Music. Present State of Music in London. 

1804. Kant, Philosopher. Theory of the Heavens. Metaphysical Principles of Natural Philosophy. 

Mechanical Structure of the Globe. 

Ewing, Mathematician. Author of Institutes of Anthmetic. Practical Astronomy. ..4 

practical Discussion of the Doctrine of the Sphere. 


* This leiirned and many-tongued Indy was Professor of Mathematics in the same University, Bologna, where 
I afterwards found Professor Mezzofante, tlie modern Mithridates (See the Cycle, vol. I. page 481-2). Agnesi 
died a Blue Nun, agod 81 years. 
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1804. Priestley, Philosopher. Light mid Colours. Discoveries relative to Vision. iUirniiral 

Researches. Electricity. Perspective^ ^c. 

Pigott, Astronomer. On variable Stars. Comets. Transit of Mercury. The Ncimla in 

Coma Berenicis. Asb'ononiical Olmrvaiions. 

1805. Aiibert, Versed in portions of Practical Astronomy. Trayisit of Venus in 1769. On ohtainiiig 

Time by equal A Ititudes. 

1807. Bernoulli, John, Maihematician, Astronomer, and Physicist. Sd&ntiftc Travels. Lettres 

Astronomiques. Various useful compilations and translations. 

(^. Mathematician. Doctrine of the Sphere. On Longitude. Treatise on Conic Sections. 

hjng, Edward, a philosophical AnlA(puary. Essays on Scientific and Archtco logical Matttrs. 

1808. Cousin, Geometrician. UEtude de VAstronoinie Phy.sique. Calcul Dijj'ircntiel et Calcitl 

Integral. Various scientific disquisitions. 

Daliymplo, Hydrograplier, Scientific Essays. On Marine Surveying by the Qniu-cun.v. 

1809. Barker, Tlioinas. Philosophical Researches. On Meteors, Comets, and Mutations of the 

Stars. Treatise on Meteorology. 

1810. Flcurieu, Hydrograplier. Nautical Astronomy, Voyage to prove certain Time-pirers, ^-c. 
Eomaiiowna, Catherine, Princess of Daachkoft’. Vo.rsed in General lAierature. Presidrnt 

of the Russian Academy of Sciences, 

1812. Mains, Theory of Double Refracdon. Reflected Light. Optical Phenomena. 

1814. (hiiniumg, A. and Mechanician. On the Influence of Gravitation considered 

as a Mechanical Power. 

1815. Nicholson, Mathemaiidan and Chemist. Essays on and EoeperimeuLs in Electricity. Differ- 

e^ices of Logarithms. Natural Philosophy. 

1816. hchrotcr, Astronomer of all Work. Selenography, and the Planets. Afemoirs on Astrono- 

mical Discoveries. On Lunar Twilight. Constitution of Mercury. 

Bios Mendoza, Alathematician. Tables for Navigation and Nautical Astronomy. Inventor 

of an improved Reflecting Circle. 

ITuddart, Navigator. On Horizontal Ref ractimi. Improvem&nt of Astronomical Instranients, 

1817. Do Lne, Physicist. Atmospherical and Meteorological Researches. On Pyrometnj, flyqro- 

metry, Electricity, and Galvanism. On Thermometria Navigation. 

1819. Williamson, Philosopher. On the Climate of America. Parallax of the Sun. On the Use. of 
Comets. On Thevmometric Navigation. 

Milner, Professor of Mathematics. Various Essays on Chemisby, and Natural Philosophy. 

1823. Carnot, Mathematician and Geometer. Rdflexions sur la Mdtaphysigue <lu Calcul Infuii- 

tiisimal. De la Corrdlation des figv/res de. Gdmndlrie,. 

1 824. Mas^rca, Baron. Researches on Negative Quantities. Sekptores Logaritimici, lU- 

Dalhy. Mathematical Tracts. The Tidgmomebdoal Canon called General Roifs Theorem. 

1825. Schnhert. On Applied Science. Vanous Treatises on Astronomy and Mathematics. 

1827. Bcaufoy, Colonel. On the Properties of Air and Fluids. Astronomical and Magnetical 
Obsetwations. Jupiter's Satellites. 

1830. Rennell, Major, Geographical Bmjineen'. Observations on Tides. The Currents of the 
Atlantic Ocean. On the Geography of Herodotus. 
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1831. Gregoire, Bisliop, MaiJimnatician. Founder of the French Board of Longitude. 

1836. Lax, Astro7iomer. Requisite Tables for Ephemerides. Methods of Clearing the Lunar J)is- 
tayice. On the Divisions of Astronomical LnsLuments. 

1838. Moll. Astronomical Papers. On the Adjustinent of Weights and Measures^ British, French, 
and Dutch. Spot on M&rciiry. 

1841. Oacciatore, Assistant and Successor to Piazzi at Palermo. Chi Comets. Gonionieiri/. On 

Refractions. Chi registeoung ami reducing AsLononiical Obstvrvations. 

PxqjiA, Mathematician. Theory of Equations. Elements of Algebra. Eoming Amusements. 

1842. Innes (of AborJecu)’ Mathematics awl Geometry. Cnknlator of Eclipses, Ocenllaiions, and 

Tides. Various scientific papers. 

J-vor j, Geotneter. Cubic E(piations. Attr action of Spim'oids. Refractions. Rectification of 

the Ellipse. Mathematical Discussions. Cometary Orbits, 

1843. Wallace, Mathematician. Geometrical Porisms. Quadratui'C of the Conic Sections. On 

Fluxions. Mathematical Essays. 

1844. Baily. Astronomical Catalogues and Tables. Eclipse of Thales. R^eater of the Cavendish 

Experiment. Phenomena in Eclipses, c^o. 

Dalton, Maiheniatidau and Chendst. Meteorological Obsei'vatums a 7 id Essays. Atomic 

Theory. Colours. Density of Water. 

Henclerson, Astrono^nev. On Comets. Moo7L-cul7mnati7ig Siai's. Computer of Occulta lions. 

Detector of the Pao'allax of a Centa7tri. 

1845. Cassini IV. Count, Mathematician. The Iasi of the Cussins. IJe died aged 97. 

Dumoiseaii, Baron, Geometer. Eleinents of Tfalleifs Co7nef. Rcseardws on Satellites of 

Jupiter. Lunar Tables from theory alone. 

Bosacl, A8l7'ono7ner. Precession of die Equinoxes. Plaoietmy J^orturbations. Asti'onomiml 

Observatio7i8, Researches, and Reducbmis. Discovered the Pai'allax o/ 6 1 C'yg 7 ii. 

1847. Pearson. On Clocks, Time-pieces, a7id Orrevws. Catalogue of Zodiacal Stars. On Astro- 

7io7mcal I7ist7-uments. Treatise on Pi'actical Astro 7 iomy. 

ITodgson, General, Surveyor. On Indian Geodesy. Heights of the llmalaya Mountains, l^-c. 

1848. Horscliel, Caroline. Astronomical Ohseri^alions. Sidereal Catalogues. Comets. Died agiid 97. 
Taylor, Astro7io7uer. Re-examination of PiazzVs Palermo Catalogue at Madras. Kv/wri- 

7nent8 on Invariable PenduluTTis. 

De Vico, Astronomer. Spots on Vemis. Die Rings of Satmii. Discoverer of six Co7nels. 

Goldinghain, Ast7’ono7ner. Ob8ervatio7is made at the Madras Observatory. Sdmiiijlc Papers. 

1849. Trecliscl. Die Berne Observations. Sioiss T7'ia7igulaiion. On Geodesical Operad,ons. 

Wilcox, Colonel, Director' of the Imckno io Obse7'vato7’y. On Trigonometo'ical Reductions, ^c. 

1850. Sclminaclicr, Astrono7mr. Planeta7'y Ephem&rides. Jahrbuchs. Established the Asiro 7 io- 

mische Nachoiclilen, ^c. 

Galbraith. Mathematical and Geodesical Essays. Astro7iomical and Meieoo’ological 'Tables. 

■ ■■ - Cerquero, SpaQiish Naval Officer. Imp7'Ovement8 in Nautical Ast7'07wmy. Director of Cadiz 
Ohsei'vatory. Proposer of a Qiew ai'tifiaial Horizon. 

Beer, Mathematician and AsLi'oiiomer. Ma7iy years 7tiapping the Moo 7 i with Dr. Miidlei'. 

A stronnniical Commu7iicatio7is. 
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1851. Oersted, Physicist. Laws of Motion, Physical Investigations and Experiments. Discovery of 

Electro-Magnetism. 

Bogiislawski. Various Treatises on Practical Astronomy. A difference-microniel/'.r. Inquiries 

respecting Falling Stao's. 

GiiMovf ay, Mathematician. On Tngonometi'icai Surveys. On Meteorites^ or Bolides, lie- 

searches on the Sun's Proper Motion hy means of Southern Stao's. 

Goldflchiiiidt, Finite and Infinite Analysis. Magnetism, (ialmhts of Pro- 
babilities. Various philosopfiical papers. 

1852. Colby, General, Director of the Trigonometrical Survey of the United Kingtlom., Sc.iemtifie 

Suggestions in Geodetical Operations. 

Lockhart, MaLhematiaian. Various scientific Essays. Numerical Solution of Equations. 

Dollond, George, Optician and Mechanician. Proposer of the spherical crystal Mieraumter, 

and, Macro-tnicro-lens. Self-registering Meteorological Frame. 

1863. Ariig<i, Astronomer, Mathematician, and Physicist. Popnhr Astroriomy. Various Papi'cs 
on Magnetism, Meteorology, Biography, t^'r. 

Walker, Soars, Mathematician, Ven'sed in Astronomy, Mathematics, Geology, and J languages. 

Lavigac, Geometrician. Wrote various Essays on Optics anil general Science, avd an some 

branches of Mathematics. 

1854. Jdiidcnan, llaroii, Director of the Seebnrg Obseiwaiory. Monalitchc Correspotidcnz. Essays. 
Vetei’sen, Assistant ami Successor to Schumacher in the Observatory at Allona. 

Iliddio, Maihemaiician. Navigation and Nautical Astronomy. The DonhIe.-aUilade, Problem. 

Mauvais. ATaihematles and practical Astronomy. On Comets. Scientific Es.says. 

1855. Gauss, Physicist. Disquisitioiies Ariihmetie,ce. Thcoria Mdus. Experimenls in Magnetism. 

Various Geometrical llieorems. 

Shoc[)shaiiks, Astronomer. Natural Standards of Length and Weight. Chronometrie. . I res 

of Meridian. On Astronomical Jnstruments, 

1866. Goujon, Geometrician. Mathematics applied to J^Fachinery and Astronomy. 

Jlicla. General Mathematics. Discoverer of the short-pmod Comet bearinq his name. 

PxiQiAxQj, Ki\mved[, Geographer and Arctic Voyager. Voyage round the World. On the Tides 

in the British Channel and Severn River. 

1867. (Jolla. Practical Astronomy and Meteorology. Obtained the King of DenmarPs gold, medal 

for discovffi'ing a Comet. 

Beaufort, Admiral. Versed in all branches of Ilydi'ography and Nautical Astronomy. Survey 

and Desci'iplion of Karamania. 

Cauchy. Mathematician and Geometer. Polyhedrons. Fermais Theorem. Projiayatlou of 
. Waves. Planetary Motioiis. Versed in pure and practical Mathematies. 

Owen, Admiral W. F., ffydrographer. Extensive surveys of the Coasts of Africa, Lakes of 
Canada, and Bay of Fundy. 

1858. Peacock, CQQi\'^ei,T)(2,'a'Q. Mathematician and Astronomer. Treatise 07 l Algebra, Stand- 
ards of Weigld and Measure. TAfe of T)r. Thomas Young. Jlistory of Arithmetic, i'fr.. 
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From this register, we turn to the second chapter of the Cycle 

A GLIMPSE OF THE SOLAR SYSTEM. 

The Solar Spots (Cycle, I. page 86-90). Since my account of these remark- 
able phenomena was published, much additional matter has come to light 
respecting tlie surface of the mighty centre of our system ; for which wo are 
mostly mdebted to the labours of Hcrschel, Sccchi, Schwabc, Dawes, Schmidt, 
and Barral. It seems to me that the discovery of solar spots in IGll, recently 
so contested, should be assigned to the astronomer who first applied optical power 
to them; for assuredly they had been so often scon with the naked eye, as 
to have become proverbial. “When citing Kepler on this topic at page 88, I 
ought to have mentioned his summoning Yirgil as a witness (Gcor. i. 4-11): 

“ nic ubi naacentem inaciilis viii'iiiverit ortuin.” 

And to controvert those who only recognise clouds in spots on the sun’s 
face, the poet adds another significant lino (Geor. i. 464): 

“ Sin raacida3 inoipionfc ruiolo iraniiHccricr igni.” 

In the second part of the history of the renowned Knight of La Mancha, 
the humorous Sampson Carrasco comforts Don Quixote as to the blomishos 
which critics decried in Ms first narrative, inasmuch as they could only be 
compared to little spots on the bright sun — sin alamerse d los atomos del 
Sol clarissimo de la orha de que mnrmuran^ Now as this book was licensed 
for publication in 1616, Cervantes must have written it still earlier; and in 
all probabihty ivithout having heard of tho discussions on Galileo,* Fabricius, 
and Schoiner. Captain Stanyan, who first recorded the “ fiaming prominences ” 
revealed during total solar eclipses (Cycle, I. page 133), by him called Uood- 
red streaks of %/i^~obscrvcd tho solar spots with his “18-foot glass” in 
the years 1703 and 4, apparently acting by the advice and “according to the 
rules received from Mr. Flamsteed.” In this report, which is ])rintcd in the 
xxivth volume of tho Philosophical Transactions, pages 1766 to 1702, he 
mentions Ms having seen the “cloud or misty matter” ipemmhra) which 
surrounded the spots. About a dozen years after, solar maculoe may have 

B 
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become visible to the -anaided eye, so as to form a topic of conversation, 
whence Prior’s quidnuncs of Down Hall are thus alluded to : — 

“ But wliat did tlicy talk of from morniag to noon? 

Wliy of spots on tlie Sim, and tlic man in tlic Moon.” 

Yet although maculae may long have been seen, thch periodicity watcbcd 
for, and their obvious fitness for marking solar rotation made use ol’, it is 
only very recently that theh startling connection with terrestrial niagiu^tism 
became suspected; and as a wonderful coincidence seems to be saiisfacdorily 
established therein, a mine is sprung, the extent of which ho i.s a bold nian 
who will venture to predict, although inductive experience is allowed to ado])t 
the tone of prophecy. Sun- painting, already under such wide and rapid 
improvement, to which wo shall return in the sequel, is one of the marvels 
of the age; liut what may we not yet have to say, and that (M’O long, on 
the analogies bmding earth with the orb of day? 

To proceed. In the important volume of the results of Sir John llin’sclud’s 
celebrated visit to the Cape of Good Hope, he gives a whole cluqilor (vii.) to 
observations of the solar spots; with figures which wore delmeatcd IVom mag- 
nified images formed by means of a 7-foot achromatic rofnictor ujxm ])aj)C5r 
pinned on a wooden screen. One of those spots, soon on the 2‘.)th of March, 
1837, was a monster indeed, since it occupied an area of lusarly live s(iiiar(^ 
minutes:* ‘'now a minute in linear dimensions on the sun being 27,500 miles, 
and a square minute 766,000,000, we have hero an area of 3,780,000,000 square 
miles included in one vast region of disturbance, and this requires to be increased 
for the effect of foreshortening.” Of another sjiot, not the tenth part ol‘ the 
preceding one, he proceeds to say — " The black centre of the spot of May 26th 
would have allowed the globe of our earth to drop through it, leaving a tluiusand 
miles clear of contact on all sides of that tremendous gulf.” This is alisolutely 


* I considered that a very compact specimen had been selected, when on the 6tli of June, 1828, I measured, 
with a double-wire micrometer, a remarkably black spot, which, without its umbra, was 13,000 miles in diamelor; 
as communicated to the United Service Journal for 1829, part I. page 534. 
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aa omslimg, and we are perplexed between the llorsohel luuTicanes and cydos. 
Md the Carrington enn-ents ; birt the theory of the formation of these areas ean 
hardly be expected to approach certainly while the facts are so few in number, 
and so Umited in character. Novcitholoss, the practical reasoning of the 
foUowmg passage from the same author, demands the hdlost attention:— 


^ aatuially led to inquiie ior an cflicient cause — (or a via mviria!, to give rise to sueli 

r’T‘; offidcut euuse oflluetuations 

m om atmosplieie, m ten-ostn,il ineleoiulngy, i., appamit euougl,, n,um.|y, c«tcrmd aLreucv-tl.c 

lie.atmg power ol tie sun. Without this, all would he tvauquil euougli. I!ut in tlw Jur 

tuoteoro „gy we have no stteh corirancous sources of alteruah' elcvatlf. and depre^rour ^ 

d T® ° hs atutosplrerie, strata, 

ifldtl^ ~cut, » we ohserve. and upon so imuteuse a «ade, must thlllnu reside 

ithm the suu itscll, and it is there we must seek it.” 


By continued and close observations of the solar spots for upwards of a 
quarter of a century, M. Sehwabe, of Dessau, has proved tlieii- periodicity, and 
that their number varies considerably at dilTcronl epochs; he has also given a 
senes of the years m which he found them more or loss plentiful, showing 
that although the maxima and minima are not conclusively settled, yet in 
the observed increase and decrease of tho groups, there is sufficient rogului-itv 
to countenance_ the theory-hitheito so vague-of their agency on the wUer ■ 
and the following aro his results ; — 


Ycftr. 

Groups. 

1826 

118 

27 

161 

28 

225 

29 

199 

30 

, ■ • . .190 

31 

’ 149 

32 

84 

33 

33 

34 

51 

35 . 

173 

36 . 

272 


Tear. 

Groups, 

1837 


38 

282 

39 

162 

40 

152 

41 

102 

42 

58 

43 . 

34 

44 . 

52 

45 . 

114 

46 . 

157 

47 . 

257 


Your. 

Groups. 

1B4S .... 

. . 330 

49 ... . 

. . 238 

50 ... . 

. . 186 

51 ... . 

. . 151 

52 ... . 

. . 125 

53 ... . 

. . 117 

54 ... . 

. . 67 

55 ... . 

. . 38 

56 ... . 

. . 34 

57 ... . 

. . 98 

58 ... . 

. . 188 


What a lesson is hero afforded to the working Sciential Amatores ! Until 
lately there were many of that corps who like myself were in the habit of gazing 
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at the black maculsBj the torchlike faculse, the light-emitting luculi, the 
penumbras, nuclei, radii, and what not, sometimes drawing, and at others 
measuring, those objects ; but, from not adopting a systematic siege, it was 
mostly labour thrown away upon what Delambre branded thus, “ II csl vrai 

J 

qu^elles sont plus curieuaes que vraiment utiles.'^' Still a conyiction had obtained 
that in constitution the centre of the sun was a dark, and comparatively cool, 
body, encompassed by a thick photosphere, or external coating, with an agitated 
incandescent sm'face ; nevertheless the mine requires workmg, and amateurs arc 
especially called to the task. I alluded to a method of watclmig the sun at page 
87 of the Cycle, and since then Sir John Herschel has proposed a very cITcctivc 
hehoscope, see his Capo Observations, pp. 436-7. Mr. Dawes has also introduced 
his admirable solar eye-piece, which possesses the advantage of being applicable 
to any existing telescope.* The solar phenomena are therefore more ndthin 
our ken than formerly as to their shape and habits, or successive changes, and 
partially as to their elfects ; but their physical constitution remains unfathomable, 
like the question, whence come the perpetual beams of light and heat of the orb 
itself? Yet these particulars, the theme of endless plausible cogitations and 
ingenious suggestions without proof, though stiU among the unrevoalcd mysteries 
of nature, may finally submit to unremitting researches. 

Dor instance, the solar spots can now be safely pronounced to bo no longer 
an object of idle curiosity, like the casual clouds of our atmosphere. The few land- 
marks hitherto recorded begin to indicate a regular progress of position in them, 
with periodical maxima and minima in their amount. Thus in the years 1846-46 
the groups of solar spots extended to about 40“ noith of the equator, and to 30“ 
south of it, leaving a central blank band from 8“ north to 6“ south. This state 


* The following detaila from my indefatigable friend’s own pen may be acceptable : “ In my pajjcr to the 
Bi.A.S- in 1862, and published in their Memoirs the next year, I described a solur ^e-piece invented by myself, 
and made under my directions by Dollond. I have constantly employed it on my refractors of 71 mid 8 inch 
aperture, and even on Lasscll's 24>inch Newtonian with the whole aperture, yet never broke n dark glass even in 
fine weather, and under a power of 600. In January ’62 I observed a spot rotate through an arc of 100“ in 
six days, which was the first announcement. Ear from Secchi’s being the first, his observation was made with 
one of my solar eye-pieces ; and in the Astron. Nach. he acknowledged that he estimated the heat of various 
portions of the sunls disc at my suggestion made in the Monthly Notices of 1861." 
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of arrangement is now reenmng, with the exception that tlie preponderance is at 
present on the south side of the equator. In 1863 and 4 the spots wore distributed 
from 20° north to about 20° south, decreasing in number till early in the year 
1866, when there was a decided minimum, and the equatorial region vemainod 
clear ; hut spots appeared in both hemispheres from 20“ to 40°. Their parallels 
are already again contracting. 

So much for their position, and now for the motion. Thoir daily drift in 
longitude reveals a general equatorial current 30“ in breadtli in the direction of 
the rotation, and a reverse current of nearly the same breadth is perceptible 
beyond it in each hemisphere. 

In the foregoing details we are greatly indebted to Mr. Carrington of 
Redhill ; but now we must turn to Major-General Sabine, with thanks for the 
light that he has shed on the mysterious correspondence between tlio solar and 
the terrestrial magnetic disturbances ; for a decennial period is therein indicated, 
as well as another connected with the earth’s orbit, which brings us to tlio 
present wondrous result of well-directed invesiigation. 

No branch of science has sprung forward with more true bearing's in 
theory and experiment than terrestrial magnetism, since the impulse given to 
it by my valued and venerable friend, Baron von Humboldt, in 1836, followed 
up by the skill of a battalion of zealous inquirers led on by Gauss, Hanstoen, 
Weber, Sabine, Erman, Arago, Kuplfor, and others. The. Germans found the 
distuibances and consequent fluctuations of their deolination- m ?i, gn contempo- 
raneous in all their stations, yet the deflections at some other distant observa- 
tories diJfered inter se, and from the European, even after due allowance had been 
made for the local antagonistic force of the eartli, although they agreed in time. 

Tlie British Colonial establishments in both hemispheres were therefore 
directed to investigate the laws of the magnetic decimation, inolmation, and 
intensity, carefully eliminating the effects of occasional disturbances. Then, to 
discover the unknown causes of disagreement, it was determined first to analyse 
the experiences of single stations separately, and follow up any symptom of 
periodicity or laws in the phenomena. Wo are not now about to treat of the 
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isoclinal, isogonal, and isodynamic lines of onr magnetic system, or its myHt(',vions 
pei*turbations, albeit I am gratified at seeing the harvest which is rc^sulting 
from measures emanating from the line of conduct recommended by the (Council 
to which I belonged; suffice it here to allude to the recent revcdalioii of 
the prevalence of a principle which may yet prove, ihougb not so invariabh', 
yet equally coextensive with gravitation. 

The unvarying atom (if we may borrow the term from chouusii*y) is the 
mean solar day as to time, but the increase of each of the three magnetic 
elements is subject to a different code of laws to what the decrc'asc', is, and 
these six codes moreover are found to differ at oacli station. Tlio houi’ly 
deflection in decimation through the solar clay, may bo simplified by remarking, 
that this effect is much weaker in the night than in the day. It iiuiliuh^s 
several minor variations, yet all influenced by the hour : thus in tlu^ uortluu'n 
hemisphere, the utmost easterly deflection occurs early in the foremoon, ami 
the utmost westerly in the afternoon; wdiUst nearly the contrary obiains in 
the southern. Then as to amount, it is zero at the magnetic (upxaior, iiujrc'asing 
towards the middle latitudes, both north and south. An additional d(^))(Mul(nu!o 
on the sun’s position is revealed by an increase of the above dolUu'.tion at the 
summer solstice on our side of the equator ; and at the whiter solsf.icA^ on the 
south side. And, what is still more in the argument, tlic magmd.ic (Mpiatorial 
line varies daily except at the equinoxes. 

The daily dependence of magnetic intensity on the solar altitmh'. Inul long 
been Imown and recorded ; but about eight years ago, M. Lament, of Munich, 
announced that this patent variation was liable to another which indicatcul a 
period of ten years; and this was shortly after fully eonlirinccl by (hmeral 
Sabine, from a rigorous discussion of the observations made at the far distant 
magnetic stations of Toronto and Hobarton. In the course of these opc'vations, 
the General detected another important concomitancy which had oaca])ed T-iamont, 
namely, that the periods of maximum variation in the needle correspond with 
those of the maximum abundance of solar spots, and vice versd. Hardly had 
this astonishing announcement been made, when intelligonco arrived that Pro- 
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Tessor Gautier of Geneva, and Professor Wolff of Berne, had come to the sanxo 
decision, and independently of each other, from a perusal of Laraont’s 
inferences. This recognition of the coincidences in solar and niagnotio periods 
■was very exciting, as a proot of their cosmical ahiiiity, ami still more so on 
considering the conclusion arrived at by my persevering friend Sabine, namely, 
that “in both our hemispheres, the period when the intensity of the earth’s 
magnetic force is greatest, and the needle most nearly vertical, is from October 
to Eebruary, which is just the season wlicn the earth is nearest to the sun, 
and is moving with the greatest velocity in its orbit.” Hence when Mr. 
Carrington sent mo a graduation of the respective solar and magnetic curves 
in decennial periods, clearly showing the reciprocity of emotion between the 
sun and earth, I could not but contrast their importance with the boasted 
QUVYes— visum ejfugienies—ol Apelles and Protogencs. 

But although this wonderful result was so contemporaneously enunciated, 
Genend Sabine lias distinctly shewn the relative priority ol’ the three by his 
Paper read to the Eoyal Society in March 1852, and piil)li8hod in the PJiilo- 
sophical Ti’ansactions : he had, moreover, told mo of it previously. He is’ 
following the matter up with avidity, and lately wrote to mo thus : 


“ T suppose, that you have got your Phil. Tmns. lor 18.^6. lu artiele, xv. yof, will /Incl anotluu- 
paper (ro,u luc in continuation of that of Mnrdi 1852; atul hi aniele i. of \m~xx copy of wl.ich 
you shall have, if the printer bo a true man, early next week— you will find a tliird, shewiii.^ hv 
the analysis of eight yeai-s ot hourly declination ^!=-ohservations at Ilohailon, the exi,stf>nec oUln> 

dceminial ])crio<l in the solar magnetic varialioiis, luid its non-existcnco in Ihe lunar muLmetie 
variations. ° 

“Ihe good old man at Berlin {Tliwiholdl) was amongst the very Jimt to recognise tlu! imporUine.e 
ol the cojiiieetion hetween the magnetic variations and tlie solar spots; and he lias Ltdcen th(‘ riain^ 
in a note to page 200 of the IVth volume of Oesmos, to skte very ]iositively the* priority of mv 
paper over the publications ol' Wolf and Gautier. Wolf has recently annoimeed liis diseoviTy iff 
an tmniial period ol the solar siiots, wliieh he says accords with my deduction ol'aii annual pi-rioil in 
the magnetic distuihanccs. Tliis puzzles me greatly. I cun (piito well understand that the magnetic 


* As a sailor, I again object to this usu of a word ho immeinorially iisod us belonging to the huh. 
the needle may dcchtie, but uoinenclalors ought to have introduced a term for this variation witliout 
the practice of the navigator. Declination is in sound use among 8eainen. 


It is true 
poaching on 
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(listurlianccs may be due and dependent on the solar spots in some way; and that the alTcctions of 
the earth, though duo primaiily to the sun, may have a subordinate affection, produced by the earth’s 
annual revolution round the sun. But how the earth’s revolution can influence ilie solar spots is a 
puzzle: so, as yet, is tlic mode in which the lunar magnetic variation is produced by the moon. 
But the greatest puzzle of all is, tlie teiTostrial secular magnetic change, knowing, as we now do, 
that a precise aliquot portion of tire annual amount of cliangc takes place in every wt'ck o( the. year— 
a change as regular as your observatory clock, and yet having no traceable connection with any 
other phenomena either terrestrial or cosmical.” 

Now if it should prove that this imlooked for coincidence of the dciccnnial 
laws of frequency with the solar spots and the magnetic disturhanco arc not 
accidental, we may next ask whether the sun does not act as a magnet, or 
electro-magnet, and whether the currents thereby developed are within its 
atmosphere? If so, my friend Allan Broun’ s scone opens, — as the said spots 
may be disruptions of that current, due to the planetary positions with rolbreuce 
to the solar equator 1 Knowledge, however, has not yet advanced siilTieiently 
to yield correct ideas of the effects of magnetic action, gases, volatili/Jng 
materials, pressure, and other physical liabilities on or beneath the sun’s surl'ace. 
But this is treading on hot ashes; for the very admission of magnetism and 
electricity as agents in our sidereal system, will alarm the moderadoa in 
cosmogony, and philosophists in general. 

On Solar Eclipses (Cycle, I. page 138 to 14i3). The advantages offered 
to physical inquiry by total solar eclipses, has boon strongly manifested since 
the publication of my remarks; and especially by that of July 1851, whicli 
was systematically observed by English, Erench, Gorman, and llussiiin astro- 
nomers. The several phenomena were duly watched, and the beautiful luminous 
ring, called the Corona, from its radiating strise, reminded the Astronomer- 
Royal of the ornament usually engraved round a mariner’s compass-card. 
Nor can there be now any reasonable doubt of its pertaining to the sujl itself, 
or that it is rendered visible by the interposition of the moon. 

With reference to the red prominences cited at page 133 of the Cycle, there 
are traces of them also in the observations of Short, Ulloa, Eerror, and Van 
Swindeu. In 1706, Elamsteed attributed them to the moon’s having an at- 
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mosphere; and the mind of B. Vassenius received a similar impression while 
he was observing* the eclipse of the sun in I'ZSS ; — 

“ At the time when the cntiic sun was covered,” says the Swedish astronomer, “ I saw, 
besides the greater part of the markings in the disc, the aLniosijherc of die moou, through ti 
telescope of 21 feet; and observed it on the western limb of the moon, at the period of greatest 
immersion, a little brighter; and yet without the irregularity and inequality of the luminous rays, 
which affected the eyes of those who observed it without a tclcHcopc. liighly worthy, not only of 
the admiration hut also of the judiciary opinion of tho most illuati’ious hoyal Society, appeared to 
be certain reddish spots in it (aiibinibicundce nonnullos riiaculco in ilia — that is, in the lunar atmo- 
sphere)^ three or four in number, which wore scon outside tho luniu’ disc; one among whicli was 
larger than the rest, occupying about the middle aptico between the south and the west, as near as 
one could judge.” (Philosophical Transactions, vol. xxxviii. jiage 135.) 

Hence it is evident that Vassenius was of opinion, that the anomalous 
light which he perceived was actually tho atmosphere of tho moon. Tho oclipscj 
of 1842 was useful in reviving this subject, alihougli tho observers, bavin g 
forgotten or overlooked existing records, were taken by suri)rize, thus proving 
Bacon’s remark on discoveries which may result from not reading. But this 
did not prevent a recognition of tho physical fact of protuhorancos around 
the’ solar periphery, though the being thus taken aback was tho cause of the 
gazers having neglected instrumental moans to probe tho nature of those strange 
appearances. Beautiful drawings however wore made, tho fact was fully con- 
firmed, and the prominences raised in importance as part and parcel of the 
solar orb. The Asi^ronomor-Hoyal seems to liavo been tho first to dismiss 
the notion of their being lunar projections ; assuring me that ho considered 
them to belong to the sun, and, if so, they must be mountains, or masses of 
flame, upwards of twenty or thirty thousand miles high. 

At length the great oclix)so of 1861 approached, when a numerous band 
of qualified observers repaired to selected posts. The mystic protuberances had 
been till then chiefly believed to bo conical in shape, but they now appeared in 
somewhat different forms to different people : thus Airy describes one as resem- 
bling an Australian boomerang ; Mr. Dawes compares it to a Turkish scimetar ; 
Mr. Oarrmgton calls it a curve or bow of light ; and several thought it hko a 
sickle : the drawings therefore m tho Monthly Notices of the B;oyal Astro- 
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nomictil Society open, sl singular field. Tlie Council of that Society consider it 
to he decisively proved, that these phenomena belong to the sun, because 
the protuberances “ that were observed on the eastern limb became quickly 
hidden, while others sprang up on the western limb ; that is, they wcio 
respectively covered and revealed on the eastern and western limbs ol the sun 
by the advancing moon.” This, however iilausible, is not conclusive; tin*, 
case being still beset with various difS-Cultios, for much ot the aiguiucnt is 
rather ingenious assumption than proof. Being thus in a “ ilx in this 
matter, I last year wrote to Mr. Any, bogging to know whether any alix^ration 
had taken place in his opinion respecting those evanescent lights, and, in his 
obligbigly prompt reply, he said, I have nothing more to say about the red 
llames, believing (as formerly) that they ooze out ol the sun, Init puzzled 
(as formerly) by their dilTorent qualities to different observers.” It is to 
be hoped that this question will receive its quietus in 1800; but many years 
may elapse before all the conditions of such vast appendages to the grand 
luminary shall bo satisfactoiily known. May they not indicate the existencci ol' 
an extensive solar atmosplioro ? 

Another chance for physical research dawned upon us this last y{5ar in 
the interesting eclipse of March the 16th, and, as it was to be annular — one 
of the most beautiful of the celestial pllonomcna — I was for a time undedded 
whether to repair to the line of anmilarity to watch physical details, or renuain 
at the Observatory and catch what I could with my old equatorial. Having 
passed the age of three score and ten, and no other eclipse of this class b(ung 
expected till August 1887, I was greatly relieved by a kind oll’or from Mr. 
Isaac Motcher to come from Cumberland, and aid mo in any way 1 juiglit 
suggest. A synod being called, it was resolved that Dr. Lee and Mr. J^’letchei* 
should proceed to Towcester, in Northamptonshire, armed at all j)oiuts for 
noting every change— especially that curious effect of irradiation, the I'orniation 
and dispersion of the so-called Baily’s beads ;* while I was to remain stationary 


* This alliterative epithet has been recently adopted; but it does not imply that they were (irst Hoen by hir. 
Biiily in 1836 ; they having been described or indiciilud by different observers, as Halley, Miiclaurin, and Short. 
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and measure the passages of the cusps, taking every advantage of fixed in- 
struments. This is what followed : — 

“ The 15tli opened with as fine a inevning ns possible, the sky being clear, with a light air of 
wind, and I therefore linstened to Halt well in older to map the spots on the sun; but before 
10 A.M. the welkin was shrouded. However 1 prepared the liattcnciiS for attack, Hhi})])ed the 
micrometer with a positive cyc-piecc of 62 power, reduced the n])(!iture of the object glass, tlirew 
open the observatory to assimilate the temporatme, and saw all the nietcorologieal instruments in 
their proper places. The wind now freshened up from the N.W. and there fell a little rain at 
inteiwals: but at about ll*i 35™ — as if to shew that all was light lioyond the eloiids — the hitler 
became fleecy, so as to reveal the luminary, tdtliough a driving send was jiussing over its surfiuie. 
The telescope was now carefully pointed to the (lisc-plniic, where the moon would apjiroaeh the sun 
in the inverted field; and while catcliiiig a fij’mish gaze, a startling Lrc.uior of the, Unil), followi’tl by a 
faint dark line, announced the commciiceinent of the eclipse’s first contaot, at 23*^ 08™ 25^ suKireal 
time. As tins line strengthened, masses of cumuli again got the mastery; but shortly afler noon 
the sky partially cleared, and the moon was distinctly seen neaiing a reiuarkablo group of spots 
beyond tlio centre, in the n /quadrant, the closest outlier of wbich she occulted at 23*‘ 4{)>» 56» 
sidereal time. The cusps were then very acute, and the lunar limb was sbaip £iutl sniootb; but 
immediately the clouds again clustered, and the sky continued densely covered with eiiTo-stratiis 
till nearly sunset. 

“ During this tijnc external observations were not neglected, but nothing remarkable was seen; 
which is not surprising when the nature of the phenomenon, the season of the year, and tlie 
oharaetcr of the day, arc recollected. Towards the time of oentml oe,li])so the {itmosplievii became of 
a leaden-violet tinge, chilly and gloomy, roseinbling the eoiiiing mi of a squall or thmulor-storin; 
yet never too dark for my reading the bour-circlc of the equatorial, without artificial light; though 
a candle was required in the transit-room for reading oil the attiicheil tbei’nioinoter, Jt seeius that' 
992 parts of 1,000 were to bo eovcr'od at Hartwell; and oven on the ceutnil Hues tliu un-oclijrsed 
portion of the disc was computed at 13345'^^, wbiob would sulliec to constitute a luminary 10.'/^ 
in diameter'. At the greatest darkness tlioro was still a lurid wbitiurcss on niiar olrjeets; the pea- 
fowl were strutting about unconcerned and Ibeding, but the (Inehes and sjrarrows ceased chirping, 
and were evidently uneasy, while tire rooks ciirao clamorously cawing from all parts to tlieir nests 
on the trees to the south-east of the observatory. Aftcir tiro deepest gloom the light rncreasefl 
rapidly, and as it bnglitcned a cock crowed, and the rooks winged off again.’*' Of the vegetable 


In my Cycle (vol. I. p. 480) is Barou von Zach’s impression when that zealous aslronoiuer ami I Lravolled to 
Bologna togctlier to observe the annular eclipse of September 1820 : “ Avanl cpie I’attouchemcnt pwfnit lies dous 
bords lilt oUbctuc, on voyait, non pas un filet contiuu do liimibre, mais dcs iietits points luinineux, eoinine autant 
do grains brillans dans une file do porles, eepnxds par dcs iiiterslicGS obscurs.” As the miserable Queen oJ' I'Vance’s 
diamond necklace had just been publiokly talked of again, we joked ou its possible exaltation, like Berenice’s hair. 
Still, it may bo well to warn tbo tyro, that the ‘beads’ are of no physical import. 

* A question may here bo raised between the astronomer and the naturalist, as it might be avoived tlial the 
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world there was little to remark upon, as pimpernels and the like were not yet in ilower; hut tlic 
crocus exhibited emotion, and a delicate Cape acacia in my house (raised from seed sent hy Mr. 
Maclear) folded its leaflets as it docs at night- fall, aflxn’ the manner ot one of its predecessors in the 
eclipse of 1836, as mentioned in tlie Cycle, vol. I. p. 143. 

“ Meanwhile the secondary details were closely attended to; and as it may aid in estimating the 
effect produced on the temperature of the atmosphere by the loss of so large a portion of its usual 
light aird heat— even with the wot blanket of clouds between — I subjoin the register as noted by 
Mrs. Smyth at Hartwell: — 


TIME. 

Exposed 

In tho ObHorvatoi 7 . 

Thorm. 

fiarom. 

Thorm. 

HygrCiii. 

H. M. 

At 9 30 A.M. 

50 4 

29*07 

43*8 

*489 

11*30 „ 

51*3 

29*09 

45*0 

•470 

12*30 r.M. 

50*5 

29*70 

44*8 

*437 

100 „ 

47*8 

2971 

44*0 

■450 

2-16 „ 

50*4 

59*72 

40*6 

•475 

3*00 „ 

51*4 

29 70 

47*9 

•499 


While this was occurring at Hartwell, my aimularity-collcaguos had 
arriyed at Towcester, and taken such promising stations as at any rate to deserve 
success ; hut there the phenomenon was almost a failure, except in ro llaily’s 
Beads, as will be seen by the annexed communications. On returning homo, 
Dr. Leo reported himself as follows: — 

“ March 16. It was a fine clear morning, but already at 9 A.M. the sky bccumo hazy, clouds 
began to form, and before ton the sim disappeared. This state of wcatlier, with occasional light 
rain, continued till the eclipse was approacliing its central phase at 12^ 60"', when a very visible 
dnlness ensued, but might have been attributed only to the clouds and rain, had wc not known that 


rooks were merely rushing homo for the vernal purpose of building their nests. Many might thus be employed, 
but the trees abound also with old nests, and I saw the birds arrive. in swarms during the eclipse, and depart 
again after it. The following morning I met Mr. Todd, of the Sedrup Farm, who told me that as the darkness 
came on he noticed the rooks flying over his grounds towards Hartwell ; adding that his poultry evinced an incli- 
nation to roost but did not. Two of Dr. Lee’s people, George Carter and Joseph Horton, also noticed those birds 
coming from various quarters to their accustomed trees, with the advance of the eclipse. 
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there was an eclipse in transitu. Up to this time I had been atationed at a liaiuly telescope, wliich, 
with an excellent pocket chronometer, liutl been lout mo by Mr. Dolloiid, the optician ; they were 
steadily placed on tlie uppermost ol' two casks. Mr. S. Horton was at luy side recording the 
variations of a maximara and a minimum thermometer, supplied by Messrs. Negretti and Zambra, • 
arranged on a temporary stand. Mr. Watkins was watching a barometer close to us, and Mr. 
Fletcher with your 3.^ foot achromatic was at his post by a cucuniber-lramo at a little distance. 
Mr. Huggins was near us with his photograidiic apparatus, and on his right was Mr. Jiouslicld, all 
ready for action, but unfortunately no sun appeared. 

“The church tower, said to bo 92 feet high, was to the south of us, nnd wc perceived some 
gazers on its summit, whcreu|)on Messrs. Fletcher and Huggins decided on ascending it, with our 
woi'thy host for their guide. At about 1 P.M. the atmosphere was certainly darker and duller than 
it had hitherto been; but still, on directing the telescope to the tower-division, their couutonances 
were distinguisliablo. Suddenly the sun appeared through the clouds Ibr hall' a minute, in which 
brief interval wo caught a sight of the eclipsed portion of the solar disc, and a goiieral cheer arose. 

It was becoming still dai’ker, and an evening gloom came on, with an cITcct like a cold chilly 
London fog. In a few minutes, although the sun continued to be invisible, this strange feeling 
diminished, and at 15™ it was certainly lighter, but with small rain. At 1*’ 25™ wo again caught 
a glimpse of the progi'css of tlie eclipse lor a few seconds, and then, tliough tlic rfiln had ceased, and 
tho weather had cleared off, masses of cloud hid the sun until some time aller the eclipse hud 
terminated. 

“ During the greatest darkness -I observed that tho trees in tlie park, at tho bottom of tho 
garden, became confused for hve or ten minutes, as seen at night. All observation of other phy- 
sical peculiarities succumbed to weather, of the state of which, Irom 11 A.M. to 2,30 i*.M, wc made 
a careful record.” 

Mr. rietcher very promptly related his proceedings to me thus : — • 

“ On Monday morning wo made every preparation for observing the eclipse, although tho sky 
became gradually overcast with clouds of rapidly inerenslng density. Tlie site we seleetcd was the 
open garden attached to the residence of Mr. Watkins, who shewed us every possible attention. 
Ah’cady, between 10 and 11 o’clock, the sun’s place could not bo discerned at all, and at 11’* 30™ 
wc feared that wc should only bo able to note the gcnoral effect of the eclipse on tlio surrounding 
landscape; for this purpose I repaired to the summit of the tower of St. Lawrence’s chiu'cli, which 
commands an extensive view in every direction. Thinking it miglrt be difficult to got your tele- 
scope up the spiral staircase of tlie tower without risk of accident, J left it in the garden for tlic use 
of Mr. Bousficld, and took with mo his smaller instrument, a capital 30-inch achroi:patic of 2J 
inches aperture, by Ross. I pointed it to the supposed place of the sim, and remained in watchful 
readiness to observe, should opportmiity occur. At 12^* 53™ (iipproxijiiatc Greenwich mean time) 
there was a perceptible increase in tbc gloom, which gradually shrouded the landscape, but which 
was not greater than might fairly be attributed to so dense a canopy of cloud without resorting to 
tho eclipse for an explanation. At 12,65 the gloom deepened, and surrounding objects assumed a 
peculiar tiuge, — a dingy, yellowish neutral tint, chio£y prevailing towards the cast. 
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“ Up to this time neitlier the cattle or sliccp in the adjoiaing fields, or the starlings populating 
the tower, indicated any thing peculiar. At 12,58, or thereabouts, a loud cheer from the ])crsons 
on the tower and in the streets below, announced that the eclipsed sun had presented i I self for a 
• moment. At first there was an exquisitely fine crescent with long delicate cusps, almost surround- 
ing the moon, but vapour of variable density, at a greater elevation tlian tlic clouds to which T 
before alluded, drifted with great velocity across the lunar disc, and rendered it invisible for perhaps 
a mmute. During an instant only the phenomenon revealed itself, and I saw the ni])ture of the 
annulus, for on the north following limb of the moon I caught an evanescent glimpse of live or six 
little egg-shaped beads, one rather longer tlian the rest. In less than a second all was permanently 
buried in a sea of cloud until too late. At 1** 3“ the gloom had sensibly decreased, ami in a few 
minutes afterwards it was scarcely noticeable. The maximum gloom even was never great, llan- 
slop spire, eight miles to the eastward, continued visible all the time, and the nearer olijects wore' 
obvious enough, though dim. While the comparative darkness was at its maximum, the Htaiiings 
fiew about, as if soared, but the cows were Ipng down, and the sheep continued to graze; uncon- 
cerned. I may add that in the morning I had seen a large group of solar spots near the centre ol’ 
the disc, and that they afterwards became visible without instrumental power, by merely using the; 
jirecaution of a coloured glass.* I measured this group next morning with the wire niicronu‘tt;r of 
the Hartwell equatorial, and found it to be 114,000 miles long, and 65,000 jniles broad.” 

Still, in hopes of making a whole out of disjointed observations, I inquired 
of several friends for their “ experiences ” of the phenomenon. In r(q)ly. Pro- 
fessor J. 0. Adams wrote to me from Cambridge on the 2dith of March : 

“ With respect to the comparatively prosaic eclipse of last week, 1 was very unl’ortunate. I 
went with Clialhs and another friend to Pcaldrk, near Pcterborougli, in order to be on the cauiLral 
lino ; but we hardly caught a glimpse of the sun the whole time. They were much mor(' fortunate 
at our ObHciwatory hero, having procured some pretty good observations.” 

And Mr. George Biddell Aiiy, the Astronomcr-Eoyal, to whom I com- 
municated this intelligence, remarked, by return of post : — 

“ However badly Adams saw the eclipse, we at Wellingborough saw it worse, or rather did 
not see it at all. From the time tliat our telescopes were planted, say three quarters of au hour 
before the eclipse began, wo only saw the sun, not the moon, about two minutes, in wliieli wc; 
focalized the cyc-picces. During the eclipse, the sun and moon had not once a limb, c-ven the 
I'udest, in a telescope. My party at Bedford got a few sextant mcasm’es, ray ])U]-ty at Marked 
Harborough got one sextant measme, and my people at Greenwich next to nothing.” 

Mr. Thomas Dell, of Aylesbury, went to Peterborough to be iu tbo lino 
of annularity, and wrote to me from thence as follows : — 

“ The weather during the eclipse on Monday last was very unfavourable; ftom a minute and 


* This was also seeu by me and by my family under similar circumstances. (W, H. S.) 
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ti lialf after tlie commencement, till 12^* 40“ (Green wicli luc'an limo), the 8im was entirely 
obscured by dense clouds, but iroin that time up to 9' 3“ it b(‘Ciiuie almost continuously visible* 
tbrougli a light haze. My site was to the eastward ol* the eatbedral, on the north bank which 
crosses the Bedford Level, so that I had a good view of the surrounding country. Tlui gloom, u]) 
to 1'^ 0“ 50® was not greater than frequently precedes a tluimhu’ storm, but then incnMised rapidly, 
causing the feeling, as described by Captain Biddidph in the total eclipse of 1851, ‘ of something 
material sweeping over at a frightfid speed.’ The clouds near tlu^ sun a]>])eared to (U'seend ra]fKlly, 
and, losing their bright borders, became intensely dai*k. At 1“ 4® the light suddenly iucreusi'd 
again, more rapidly than it had previously decreased, so that, in 5 or 0 seconds more, the deep 
gloom had disappeared. A cloud irasscd <-)ver the sun at the very moment that tlu^ annulus was 
about to be formed, and its dumtion was certoinlynot more than 2 seconds, therefore the timi* of tlic 
formation wouid be 1“ 2®. This shews the accuracy of the line laid down on the ()rdiuijic(‘, 
Index Map, for, as my position was about 5^ miles H.K. of that line, it is probable that I was close to 
the limit of the shadow.” 

So much for the annular eclipse of March, 1858. 

Solar Translation (Cycle, I. pages 281 to 284). The hypothosis of 
the whole solar system journeying through space towards a point somewhat 
to the north of Herculis, has received intense attention since my Cycle was 
published. Even then I thought that, from the rigid accuracy of modern 
observations, the doctrine of a central body would either ho positively accepted 
ere long, or rejected without further hesitatiou ; for, though the idea that our sun,** 
attended by his numerous cortege of primary and secondary bodies, together with 
aU tlic comets of our complexure, was in progress around some incomprehonsihly 
distant and enormous orb, was astounding, the infcirences of science wore too 
strong to admit of reasonable doubt. My lamented friend Thomas Galloway, 
a valuable member of each of the scientific hoclios to which lie holougod, 
obtained — at my instance — the royal medal of the Royal Society by his doo]) 
researches on this topic. The results of his movement of the solar system, 
derived from the proper motions of the southern stars, wore contained in an 
able memoir inserted in the PhiLosopliical Transactions for 1847 ; and tho con- 
clusions of this able mathematician have been further estahlishod hy tho elabo- 
rate calculations of the Rev. Robert Main. Tliis gentleman, in Ids essay on 
tho proper motions of the stars, contained in “ the Green wich Twelve-year Cata- 
logue” {rend in March, 1850), has formed a table (tie) by extracting those 
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stars in liis general table wbicb bave proper motions greater than 0®'02 in 
and greater tban or equal to 0^^‘3 in north polar distance ; bo then says : — 

“ I liave added to tliis table the fiiolors of solar motion, computed on tlxo supposition tliat tlic 
sun is moving towards a point in tlie lieavens defined by tbc 260°, and north polar distance 
55° 37'. The fact of the existence of tliis motion is now so fully established by tho separate investi- 
gations of Messrs. Argolandcr, 0. Struve, and Galloway, and the approximato value of tho anioiint 
of the solar motion deduced by M. Williain Struve is deserving of so much attention, that 1 have 
thought it worth while to compute these factors, and to place them side by side with the (bsovved 
proper motions of my third table; and a bare inspection of the related columns will siiiTiee to shew 
us that the apex of solar motion is at least pretty accurately determined, while the factors themselves 
will be useful in a verification of its position.” (Memoirs of the Royal Astr. Soc. vol. xix. page 133.) 

In tbo Cycle (vol. II. page 391), I mentioned moreover that our aystora 
was travelling slowhji tbat expression, however, must only be taken com- 
paratively, because it may require thousands of centuries before a single revo- 
lution of the solar orbit is completed. By recent results it is computed that 
we are moving on at the rate of 154 millions of miles annually, or upwards of 
17,000 mUes in every hour of time 1 The argument is thus summed up by llio 
elder Struve in his Etudes d’Astronomie Stellaire, page 108, published in 1847 : — 

“ Tlic motion of the solar system in space is clhcctod towards a point in the cdtistiul vault 
situated on the riglit line that unites tho two stars of the 3rd magnitude tt and /a IJercuilis, at a 
•^fourth of the apparent distance between tliem starting from tt. The velocity of this motion is siuh, 
that the sun, with aU the bodies depending on him, advances annually, in the direction above stated, 
T623 times tho radius of tlic terrestrial orbit, or 33,550,000 geograpliical miles.* 'llie i)vobal)l(* 
error in the numbers here given may amount to 4,733,000 geographical miles, or to on(!-sevonth ol' 
the whole. We might therefore wager 400,000 to 1 in favour of the reality of a progrejssivo ])Toper 
motion of tho sun, and 1 against 1 that it is comprised between the limits of 38 and 29 millions of 
miles.” 

But there is no immediate cause for dread or alarm : since, even under 
the largest unit, the solar system cannot pass the enormous interval in less 
than a couple of millions of years I 

* I’liBBu figures are in German miles, which by Professor Littrow’s interpretation are each equal to 4-G of our 
truly-ascertained miles. The reduction of Struve’s numbers therefore yields the following amount, roundly in 
English geographical miles — 

Solar progression 154,330,000 

Probable error 22,000,000 

176.000. 000 

132.000. 000 


Limits of solar velocity 
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I haye stated in the Cycle (I. page 282), that the exact direction and 
nature of the mysterious path wo ai-o pursuing must nccessarHy he left for men 
of after-times to determine ; since so vast is the orbit that all the stellar dis- 
placements hitherto detected only represent it as a right lino, tlic which is 
utterly incompatible with the principles of motion and gravitation. It must 
be curvilinear, and M. Madlor has made this hypothesis the basis of some 
very ingenious speculations, in which ho assumes that Alcyone, the lucida of 
the Pleiades, is actually the central body which controls us, and around which 
we— sun and attendants— are revolving. Tlio idea is magniacent and warmly 
treated ; l)ut from tlie want of a firmer foundation, and other obvious causes, 
it is eq^uaUy unsatisfactory and inconclusive. These matters will bo naucJi 
better understood and known a handful of ages hence. 

Mehotiiiy (Cycle, I. pages 95 — 103). As there was lull reason to predict 
in the first volume of the Cycle (page 252), so the mass of this planet has 
been more accurately approached by the perturbations endured by Encko s 
comet, than it was when I wrote : but although I considered, and still considoi, 
the evidence to bo rather shaky, I ought to have mentioned Schrentor’s con- 
clusions as to the heights of some Mcrcurum mountains, botli in regard to 
the assertion, and in full rccognitioji of Ids indefatigable porscvovance on a 
body, the constant proximity of which to tlio solar blaze so greatly intcribres 
with stringent scrutiny. The astronomer of Lilicnthal conceived that lie had 
a clear proof of the existence of mighty asperities on the surface of Mercury : 
but surely his inferences require oonllrmalion ])ororo they can bo assumed as 
facts, or recorded among astronomical truths. The point in question stands 

. a certain blunting of the southern horn of its crescent. — seen and 

observed with infinite attention — was imxmted to a most obvious cause, namely, 
to the light of the sun being intercciitcd by a high mountain. Tins is a fair 
preliminary condition ; but as the height calculated by the extent of the trun- 
cature is upwards of twelve miles, or nearly the 125th part of the planet’s 
radius, the result appears to require modification. Aware of the responsibility 

incurred, he estimated for comx)arison the height of Chimborazo, which when 

G 
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I was m the Pacific (ISO?) was esteemed the loftiest mountain of our globe, 
i 0 1 7 ^^6 earth s radius ; which is a vast disproportion when the relative 

magnitudes of these two bodies are taken into the argument. 

Notwithstanding that Schroeter assigned a period of rotation for Mercury, 
and might thereupon have assumed that its figure was not truly spherical, yet 
he confesses that he could not detect the slightest trace of compression or ellip- 
ticity in the form, nor indeed could Sir W. Herschel, though armed with supe- 
rior means ; but, on the occasion of the transit of Mercury over the sun’s disc 
in November 1848, the Rev. W. R. Dawes, by his very delicate micromotric 
measurements established a difference of ^,-th between its polar and oquatoroal 
diameters. I happened to be in the chaii* of the Royal Astronomical Society 
when this interesting announcement was made (8th December, 1848,) and I 
recommend those who have not aheady read his paper to consult the Monthly 
Notices of that Society, vol. ix. pp. 21 and 22, where they will find his means 
and method for arriving at the result. 


Venus (Cycle, I. pp, 103 to 111.) A few details must be added to my 
account of this beautiful planet, as tbe transits alluded to constitute a memorable 
epoch in tbe astronomy of the eighteenth century, and, relatiye to that pheno- 
menon m 1761, some more official papers in aid of its history have turacd 
up. At page 110 of the above cited volume, I mentioned the transit of Venus 
which occurred in 1639, and the next foUowing as in 1761. But I was staidlcd, 
on receiving a catalogue from Mr. Sotheby, the well-known auetioneor, at 
there being among the historical papers of Captain -Warrington, R.N., 'to be 
sold on Monday the 2nd of August, 1868, the following aur.oeT,nA.r,o^t 


No. 205 . GeorgoU. Tlio King’s waiTimt signed to pay Peter Duvall, Vioe-Pivsident of tlie 

^yal Soe.oty,,^litliundrod pounds to enable them to send proper persons to various parts of 
0 globe to obtorvo the toansit of Venus over tbe sun, 1727 . Countersigned hjffolles 
Newcastle, F. B. Legge, James Oswald, with the print of the traaiBit, &c. 


Here I was taken flat aback ; stm, from its being under such nfiOniei autho- 
rity, it became a duty to look to it, and the only conclusive method of knowing 
what It aU meant was to purchase the paper. Not a moment was lost in pro- 
curing it, and running an eager eye over its contents; but, though docketed 1727, 
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that was on]y in aUnsion to the office -number of the warrant on which they 

acted for payment, but the phenomenon roaily treated of was not expected till 

1761. Tet tills document is valuable as shewing the desire of attending to 

what had “ only been seen once before since the world began ; ” and it proves 

that, though George III. has had the whole credit of flttmg out the Transit- 

of-Venus expeditions, a portion of his claim in that respect must bo restored 

to his royal grandfather. It is indeed no groat matter, since tlio Boyal aomoiy, 

aided by outward pressure, puUcd the strings ; but, to sot the affair m the 

olearest light, as all topics worthy of record ought to' be, I will hero lodge a 

copy of tlie King’s warrant ; — * 

VVliomia it luiili bocn liuiubly rcpvmmtGd to iiw liy Uie 

PresiJo.uL, Council, tuid Fcllowa o( our Iloyiil Society 
of London tliiit tlic rc]>uLaLion and liouoiir of tlio 
Brltiwli Nation rc<]uirc some diligent, faitlilull, and 
skilliill Persons to he sent iroin this our Jvingdoni to 
proper parts of tlio Globe in order to iniJce exact ob- 
servatiouR of tlio transit ot tlio Planet VeniiB over tlu* 
Sun, wliie.b lure Pliconoinenon will lnii>pon on the Ctli 
of Juno in ibo year 1761: And Whereas Wo have 
resolved to give tlio Biini of Might hundred pounds 




to he applied by Our said Iloyal Soch’ty for the piiiposc aforesaiil: Our Will and 1 lensure 
therefore is that, by Virtue of Our Generali Li'tters of Privy Soul, bearing date the 26th 
day of June, 1727, You issue and pay, or cause to bo issued and paid, out ol any our Irea- 
surc or Revenue iu the receipt ol' Our Rxclicquor applicable to tlio uses of Our Civil Govem- 
mont, unto Peter Duvall, Esqr., Vico I’rcsident of the said Society, or his Assigns, the sum of Eight 
hundred pounds without account, to be by him or them paid over and ajiplied for tlio piiipose allirc- 
said under the direction of the said President, Counuil, and Fellows. And for so doing this shall 
be your "Warrant. Given at Our Court at Kensington this 21st day of July, 1760, in the 34th 
year of Our Reign. 



To the Commisaioners of our Treamry. 
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This sum, reduced by hungry red-tapeism to 7591. 6s., was received from 
the Exchequer by Mr. Peter Duvall on the 5th of August, to enable the Society 
to send the Rev. Nevil Maskelyne, afterwards Astronomer Royal, to the island 
of St. Helena; and a similar sum of 800?. (768?. 165. received) was granted 
to the same body that they might despatch Messrs. Mason and Dixon to 
Bencoolen; and Dr. Birch reported, on the same 6th of August, that Mr. 
Cleveland, the Secretary of the Admiralty, had informed Mm that My Lords 
had ordered a sMp (the Sea-horse frigate) to be prepared for conveying the 
observers to their respective destinations. Owing to certain obstructive dock- 
yard delays Maskelyne would not wait for the frigate, but, embarking himself 
with his instruments and comforts* in another vessel, he arrived at St.IIolena 
within the appointed time. There he made every preparation, though on 
account of cloudy weather he reaped httle that was satisfactory of the remarkable 
transit ; Ms voyage, however, proved eminently useful to navigation, especially 
as relates to what are now so weh known as lunar observations. 

The Bencoolen expedition was still more unlucky, for it did not quit the 
shores of England till January, 1761; and, when at last the Sea-hors(^ loft 
Spithead, she had hardly cleared the Stai’t Point before she feU in with L(^ 
Grand, a Drench frigate of superior force. An action of course ensued, and 
was continued with great spirit on both sides, tUl, another of our sMps heaving 
in sight, Le Grand made all saU and escaped, after having Idllod 11 of the 


These comforts may be understood by a glance at the estimate which Maskelyne drew up, und whi(;h was 
approved by the Council. Besides the payevmit homredre of 150^., the following was granted for his necessary 
expenses, in which the sums for drink prove that he was not quite what is now ycleped a Teo-totaller : 

£ B. d. 

100 10 0 
91 5 0 
13 13 9 
27 7 6 

241 16 3 

Liquors on board of ship for three months going and three months coming book 60 0 0 

Total expenses for one year 


Boarding at St, Ilelona at six shillingB per day for one year . . , 

Liquora at five shillings per day for same time ..... 

Washing at nineponoe per day 

Other expenses and incidental charges at one shilling and sixpence per day 


£291 16 3 
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S(‘!i-liorso’s crow, and wounded 38. This contretew>8 compelled CaptaLn Smith 
to put back lor repairs into Plymouth, from whence the Poyal Society received 
a dismal Jeremiad from the disconcerted savcms, in which they made a stern- 
board and declined their mission ; but the following unmistakeable remonstrance 
brought them to then’ senses : — 

Tlic! Council arc extremely surprised at your declining to pursue your voyage to Beucoolen, 
wlTu;!) you have so solemnly undertaken, and have actually received several sums of money upon 
iicc-ouiiL of your (ixpimses and in earnest of performing yom* contract. That your refusal to proceed 
upon this voyage, aller having so puhlickly and notoriously engaged in it, will he a reproach to the 
nation in general, ami to the Royal Society in particular; and, more especially and fatiOly, to your- 
selves: and that, aft(!r the Crown has been graciously and generously pleased to ^courage tins 
uiidortaking by a grant of money towards carrying it on, and the Lords of the Admnahy to t out 
a ship of war, on ]Hu-pose to carry you to Bencoolcn, and after tire expectation of this and vaxrous 
other nations has ])oen raised to attend the event of your voyage; your declining rt at this cntic 
juncture, when it is too late to supply your places, cannot fail to hung an mdelib e scan upon 

y(jur character, and probably end in your utter ruin. • . . i 

In nnao you shall poi-siat in yonv refusal, or voluntarily Iiusti-ate the end and drsappoint Ae 
inloution of ymr voyige, or take any steps to tlrwt it, you may assure yonrsdves “ 

hv the Couiieil with tlie most inflexible resentment, and prosecuted with the utmost seventy of th 
law. To proveut idl possibUity of doubt eoneoming your mideitnbng the voyage, or 
go, the Cotraoil do absolutely and expressly direct and rociuiie you to go on hoard the Sea-horse, 
and ('Jilcr u])ou the voyage, be the event as it may fall out. 

'i'his heavy shot hetweeu wind and water, told well; but enforced semee 
is sehlotn productive of goodly fruit. The transit of Venus gained littie by the 
return of tho malcontents to obedience, for, so much time had been expende 
in refitting tho frigate, that, apprehensive of not reaching Beucoolen in suffiemnt 
time, they brought-to at tho Cape of Good Hope, and made their ebse^ations 
there. Tlio results are briefly alluded to in the Oyde; but for an able dis 

enssion of tUo whole, see Enoke’s treatise on the subject. 

Though the eondnsions wore not so definite as sdenee required, the 
advent was a capital preparative for 1769; and, moreover, the reenrrenee of a 
pimnomonon which had only been oneo seen before “since the world beg», 
lousod general attention; and various .eye-witnesses are on record, to whom 

the hospitable owner showed me a long series of volnnres of yearly memorand 
kept by his great-grandfather Isaac Eleteher, of Underwood near- Oockermon . 
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He was a Cumberland yeoman of moderate education, but a man of observation 
and extensive reading. Under date of June 6tb, 1761, we found this entry:— 

This morning, about four, observed the transit of the planet Venus over the sun’s disu with a 
sokr telescope. The sun then appeared large, with a thin black cloud over it, which s<ion went oil* 
as the sun rose higher in the horizon. The image of the sun and the planet Venus as a black spot 
appeared very plain upon^ a white cloth put up for that puiTposc. Tlie path of the planet ovtu- •the 
sun 3 disc was easy to delineate, and very cuiious to behold, though clouds interfered. It wiuit od* 
the ^ about 35 minutes past eight in die morning, soon after which thick clouds coveu-ed tlus 
woe hemisphere most of the day, with some showers of i-ain in the afLcrnoon. 

I have not been fortunate 'with Venus myself; nor after repeated ghzings 
have I been able to add more about her telescopie aspect than what is already 
stated (Cycle, I. page 108). To be sure, in consequence of the notice given in 
the Eoyal Astronomical Society’s Monthly Notices, (vol. xiv. page 221), 1 watched 
’ her inferior conjunction in 1866, hut only perceived a fine silveiy crescent without 
a^y indication of an annular fringe of light surrounding the dark part of the 
disc. Nor have I at any time been able to make out the spots, which niy 
correspondent -De Vico saw so frequently at Eome. Here some one might 
say that the difference was owing to the admirable transparency of i,lu 5 
exquisite Italian skies; but such assertions are bettor suited to tlic novelist 
than to the astronomer. I have frequently been annoyed in hot countri(‘H 
with the unsteadiness of the stars during observation; and in niy Cycle (Vol. TI. 
page 128) I published the remark made to me on this subject l)y the tliorouglily- 
practised Piazzi*. Now, this very remark is quoted by Padre Angelo Secchi, 
the successor of De Vico, in his recent Descrizione del nuovo Ossorvatorio del 
Oolleggio Eomano; wherein he arraigns the weather again and again.* 


His exact words (p. 31 ) are— “llo accennato sopra alia difficoltb. elin ^ i 

dello 9 +.p11a /Ini x Hucoua CUB s incontfa nel prendcr niinuro esatte 

ueuo Stella doppie, dal contmuo moto deir atmosfero. Di aucsta r! Ijunninn r 1 • , , 

cib preferiTa ossai Greenwich alia su"a Pre^mo 

lavori della ,oien.a, qual^ ‘ S'""''! 
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Tice Earth’s Crust (Cycle, I. page 117.) Since my allusions tliere to 
Geology wore printed, there have been numerous valuable discussions, as well 
as some dreamy reveries, on the Crust of the Earth ; which, from a mathe- 
maticid examination of the velocity of our rotation, is concluded to be subject 
to local variations in all likelihood correspondingly unequal on its inner surface. 
By mining and other artificial means of penetrating this shell, a gradual 
augmentation of boat is encountered, increasing proportionally to the depth : 
in other words, without looking to great numerical precision, if the tempera- 
ture continued to rise at the mean rate of 1° of Eahrenheit in every 80 feet 
of do])th, which is a fair average from the experiments hitherto made, it 
would become probable that the eaith is a spheiical bomb, having its interior 
still in a state of fusion by heat. At a depth of, say, 50 mhes, the tempera- 
ture woidd be above twice that which would sufdce to melt non, and still 
more to destroy cohesion in any other matter composing the said crust. The 
average density of the earth, as deduced from several independent authorities, 
amounts to five and a half times that of pure water, or double that of the 
average afforded by the earths and rocks on the terrestrial surface, whence it 
is evident that much of the interior must be metallic, or immensely condensed. 
Since Perkins gives the density of water as doubled by the pressure of 200 
atmosidicrcs, it must either be compressed into a solid at the earth’s centre, 
or enabled to retain its fluidity by an exceedingly high temperature. To these 
data wo may add that the densest metals increase in density by hammering, 
and that fluids are more compressible than solids. Astronomy also supplies 
arguments in favour of the density increasing as we approach the centre, if 
wo may judge by the evidence yielded by the moon; and, retmaiing to our 
own globe for practical examples, we may adduce the influence of Mount 
SchoUallion, in Scotland, on the plumb-line, amounting to 11-7" m observing 
zonith stars, though the actual distance through the base of the mountam 
was under 6000 feet. This peiTlexing yet truly important problem at present 

may bo viewed thus : 
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Supposing this diagram to represent a sphere about 8,000 miles in diameter, 
the oceiilt or dotted outer circle would indicate the height of the atmosphere, 
dilated by rarefaction up to vacuum; the mere thickness of the black circl(‘ 
would cover, or equal, the utmost heights and depths of the land and sea; 
wliile a similar line inside, would suffice for the whole extent that W(i can 
accurately refer to. Here the shaded portion would represent the utmost depth 
which human inference has yet assigned for the terrestial crust ; but what do 
we know of the rest ? By the surprizing revealments of geology an advance is 
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Hindis ynl only to a comparatively small vertical extent. In granite and 
(ith<‘.r igueoius rocks, ■vvliicli have been forced np from the unkn own regions 
liidow, IK) living organism is indicated to have existed — they are destitute 
of liny re-lies of aniuiatisd nature. These formations may exceed 20 miles 
in ill icki KISS ; — but must we assume that all below this estimated depth is 
moll (‘11 mailer? The strata in which fossils are found imbedded, do not 
iiliogel,li(‘r ■jx'.rliaps reach down more than 16 miles. Can we then even 
venture to gu(‘-ss wlndliev the central vastness be a solid body of matter, 
inlinihdy coiidensiid by enormous pressure like Dr. Young’s steel, or even 
liki^ Newton’s atoms,— or whether, with probability on its side, the cavity be 
mied wiili Iluids, so full as not to allow of any waves ?— hence the safety 
or a baronietiu’ tulx^ when the cistern is screwed up tight. 


While drawing tlio foregoing llguro, and assuming the shadowed portion 


to ht‘- HOt) or i,0()() miles thick, according to the deductions of my friend Mr. 
Hopkins, ns gathered from his communications to the Uoyal Society (1839— 
IHI.2), an omuiologioal straw-splitter at my elbow asseverated that the G-ermans 
had fontid the earth’s crust to ho exactly 26^ miles in thickness. Now, 
though this (luestion might apparently bo .very well ranged among the aroma 
miimun utterly impervious to our present perceptions, the deduction was 
aUlriiKMl so iiositively, that 1 referred it to Mv. Hopkins, as the cautious, 
’,,niprelieusive, and sciontilic Trmsos of this department. His letter from 
Camliridge, dated 2lHt March, 1868, ran thus 


u I, l,,,lit.veycmr ..muinin-gathormu Moud. Ncitlior the Germans nor any other people 
,un luive fomul the earth’s crust only 26 miles thick. ^ you suggest, they (^... 
wh!.ever umUcH such a sUitei.uml) ought to give it mfoet mdinches. The thing would then be com- 

"itiiwl'st ” 1"“^“ “ “ 

,!■ Uk. .vuHt .lu., outuvly to coatnJ l.oat, oml moiooTor the inductive power of the 

the h< at ol til . I engaged 

rX ““ T ‘"'“h t 

m pKiH.rmiuitH v ^ memom passing through the press 

..,-,«ht y ^e object, ..d shell have two odrer. before 
r’'““"‘,r,ri’’hX 00011.^1 my cKporimerr^. I ehall then resmne the eubjeot. In demean 
t!: I tvo Leu uoduug h. slnto my conviction in the tr-uth of my former conctomn. 

H 
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“ 1 have said, tliat, accordiug to my solution of tlio problem of tiic Procession of tlic Equinoxes, 
the miniinum tliickncss must be about a fourth or fifth of the earth’s radius. I don’t mean to say 
that it might not possibly be thinner than that, as 4 or 600 miles for instance; but I am thoroughly 
convinced that it camrot bo anything like so thin as 100 miles, for example. When my 
Memoirs come forth I will send them to you. My investigations impose no limit to the maximum 
thickness. 

“ The most important point, geologically, is whetlier tlie crust is thin enough to allow the 

influence of a fluid incandescent nucleus on the phenomena of volcanoes, elevations, &c. I am 
thoroughly convinced IT is NOT.” 

Under this comfortable assurance, a study of the relations of the foregoing 
diagram opens a marvellous field for speculation. As the earth’s crust con- 
sists mostly of oxidized bodies, may there not have been a groat absorption of 
atmosphere, — itself a powerful absorbent of light and heat — in the process : 
and may not the said crust, acted upon by a high internal temperature, 
possess a degree of beneficial elasticity? Are not light, heat, magnetism, 
whether in the state of galvanism or electricity, striking modifications of a 
mighty and all-peiwading principle as yet comparatively unknown? Anotlier 
Newton may one day ariive at conclusions which will then bo rendered obvious 
enough. Even now, amidst the struggles of intellectijal fancy, the facts caimot 
be questioned, though some of the deductions may be at sea. Thus, we are 
told that, were the particles of light the size only of the 12,000th part of a 
grain of sand, they would batter and demolish our world ; yet if light be a 
material agent, liable to attraction from ponderable matter, a question would 
ensue as to what becomes of the infinite quantity thrown upon the eai*th’s surface. 
However, to prove that speculation is stiU adrift relative to our main ai*gumont, 
let us now listen to Arago (Popular Astronomy, Book xx. Ch. xviii.) — 

“Admitting tbo constancy of the progressive increase of temperature in proportion as w(' 
descend into the interior of the earth, we should find that, at the depth of eight or nine leagues 
below the surface of the earth, that is to say, at the depth of only four or five times morn than the 
elevation of our highest mountains, those substances that wo know to bo most capable of resisting 
the action of heat would be in a state of fusion. In fact, in n letter from M. Mitschcrlich to my 
friend Alexander Humboldt, I road; ‘ The temperatiu’es requisite for fusing metals have been very 
much exaggerated. The flame of hydrogen burning in air is only 1660° on the ccntigni'do scale 
(2808° Fahrenheit). In this flame platinum- fiises. Granite fuses at a temperature below that of 
Bofi iron ; it fuses at about 1300°, and silver at 1023°, (2340° and 1 841° Fahrenheit.) By supposing 
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an iiKM-ciiHo ol’ 0-035° ccutigiuJc in every meter {nearly 0*02° Fahrenheit for every foot of depth) we 
slutuld (iiul at a dcptli of 40,000 meters (131,236 feet) (24-8 mi/es) a temperature, m round 
minibcm, of 1320° (2376° Fahrenheit). Tlien granite becomes fluid tbere.’ 

“ 'L'Juis 40,000 metres (25 miles) is the approximate measure of the tliickne^ of tbe earth’s 
.•rust, 'rhis is a deduction from observations which, unfortunately, have bitherto been practicable 
only t.o the slight depth of 650 metres (2,133 feet), yet it suffices to explain the reaction exerted 
against the weak parts of the solid envelope of om* planet by the ^internal fluid matter. The 
('xisti'ucc of volcanoes is thus easily explained.” 


riacsiblo as these data may appear, before drawing conclusions we should 
consider the probable obstructions to fluidity under enormous pressure: even 
oil the small scale that man can command, water is prevented from boiling. 
Metals soon begin to expand vdth heat, and thereby undergo increased com- 
pression if inclosed in an unyielding case, such as the earth’s crust may prove 
to be in regard to its nucleus. 

On that same page of the Cycle (117) when I alluded to the Tropical 
year, I might have said that its length in sidereal days is 366*2396, or 
3(354 r)i> di5"" I’did" ; and the several determinations of its duration may be 


('xhibited thus in mean solar time: — 

d. h. m, 8. 


AlbiiteguluH, about A.n. 1000 . 
(lopiirnicuB, in 1543 . . r ■ 

Ty<iho Bruhe, iu 1602 . . • • 

{Tahdoe Rudolphin(F) . 
llamslcod (pasaivi) • • • 

Hulloy {Astronomwal Tables) . 

Besael {for the year 1800) 

Airy {communicated 2Sth January, 1859) 


365 5 46 24 
365 f 49 06 
365 *5 48 45 
365 5 48 57-6 
365 5 48 57-5 
365 5 48 54-8 
365 5 48 47*8 
365 5 48 46-05* 


Uolativ., to tUo succeeding page (118) it may be well to add here, that I 
might haTo led off. in the list of ascertained ohliauities of the Ediptro. wi 


(livnlencrs Culo-naEU* for tv year or two. 
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that of Tcheou-Kong, deternimed about b.c. 1100, to be 23° 54' 02" ; espe- 
cially as the Chinese observations were taken with regular instruments gno- 

mons or armillEe. 

The Moon (Cycle I. pages 96 to 103). Since 1844, our satellite has 
been as fully gazed at by me, under several phases, as an object-glass of 
inches would admit of, besides having had occasional snatches through powerful 
reflectors ] and it is assuredly a body on which the mind and vision never 
tire. Still, after all, the recent practical attempts have not been very produc- 
tive of valuable results, nor have they greatly enlarged our knowledge respect- 
ing its sm’face ; but that is not the case wdth the purely analytical branch of 
this noble science, for my learned Mend, Professor Hansen, of Gotha, has 
lately been so fortunate as to detect two sensible inequalities in the lunar 
motions, one of 239 years’ duration, and the other of 273, which have, humanly 

speaking, perfected the Tables of the Moon. Lord Posse’s giant instrument 

which may be said to bear efficiently a power magnifying upwards of 6000 
diameters, to the wonderful amplification of surface — makes our satellite resem- 
ble a globe of molten silver ; but, in detail, only shews an increase of the 
extinct volcanoes, and frightful ruggedness, which I have described as one vast 
ruin of nature (Cycle, I. pages 130 to 132). These features engaged much of 
my attention, yet the only conclusion to be arrived at is a notion that they 
are owing to volcamc action and moon-quakes. Many of the ring-formed ridges 
ai‘e like bursten bubbles of boiling pitch, or aeriform discharges blown off 
from fused metals ; while in others, the annular character observable in their 
plan loses much of its analogy to like formations on the earth’s surface. Thus 
the gigantic ring-mountain, Tycho, is elevated above the surrounding region 
about 12,000 feet, but its interior area is an inclosed plain of nearly fifty 
-jniles in diameter, with a depth of 16,000 feet. 

The radiatiug streaks (Cycle I. page 128), so conspicuously brilliant at the 
time of full moon, appear to be cracks or gullies, that occurred when the 
cavity of Tycho first convulsed the lunar crust, and may since have been 
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filled up mth some highly refleotiye lustrous suhstmrce * My zealous fnend, 
Mr. James Nasmyth, has devoted intense attention to the lunar ring-mountams, 
and on the whole concludes that' the circular walls ai'e produced hy ei-uptions 
having broken forth at one point, and scattered the ejected matter round the 
cental orifice with equal force in all directions. From the small amount of 
vravity in the moon, the soorue. and even lava, could easily be thrown to greater 
Ltancesthan in larger globes; while the central pcai. so observable- m most 
of the annular mountains, he thinks due to the expiring energies of volume 
action : and he considers that the brilliant strealcs issuing from lYcho, A,^- 
ohus, and other mountains, ai-e owing to immense fissures, through which the 
bright molten lava has oozed, and is thinly spread over their banks. 

Here the mention of certain grooves resembling scratches (and therefore 
called by the French) must not bo omitted. They sometimes exceed a 

hundred miles in length, though only about three quarters of a mile m breadth, 
and are alternately dark or bright according to the angle at which the sun a rays 
fall upon them. The fertile imagination of Sohrcetcr. who only discoimod two, 
suggested them to be proofs of intelUgent inhabitants ; but subsequent observers 
have traced seventy, and then: course, sometimes ending at a orator, am 


others contiauing their way aci-oss the cavity, is perplexing. 

That superb specimen of its order,’ Copernicus, is more tlian fifty mibs m 
diameter, with oUffs of 11,000 feet above the interior surlace ; and tho ridges, 
rills, gulfs, valleys, pearly-peaks, mountain-terraces, and irregular but radiant 
streaks, are unmistakeably marked even in tho gUttering nimbus around. Stiuck 
with the importance of so noble a lunar feature- one still demanebng tho espe- 
cial attention of the wielders of powerful tdcsoopes-I applied to Mr. Nasmyth 
for a drawing of the crater, and being thereupon fiivourod with a faithful mono- 
graph representation. I procured the annexed reduction of it from the accurate 
burin of IVtr. Tbom&s Oobb ; 


* 


. Baron WalteralianBon, who spent some yosin on Etna, «nd there proved several of my p<.mts, shewed mo hi. 
drawings ef some very remarkahle trap-dykes, radiating from the great orator of the Sieilian volcano. 
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I OLiglit perhaps to have premised that Nasmyth-like his own powerful steam- 
hammer, whicli can either smash an anchor or only crack a filbei-t- compassed 
a siege of the moon with gigantic reflectors, his own handiwork, as well as a, 
reduction of her rugged aspect to delicate delineation. Thus animated, lie con- 
structed two Newtonian telescopes, one of Sf inches aperture, and 9 feet focus 
-the other of 12 inches aperture with 13 feet focus ; and these were sedu- 
lously employed for several years, principally under powers magnifying from 
240 to 360 times, -with what good effect may be seen in his numerous dia- 
grams, and in his essay on the telescopic appearance of the Moon (Iloyal 
Astronomical Society’s Memoirs, vol. XV. pages 14V to 156). In reasoning on 
tlie nature and structure of lunar craters, he submits an engraving of Gas- 
sendus, by no means one of the largest; and as-from its aspect varying 
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greatly under the different phases -I am interested in the same spot, he 
kindly lent me the block from which the accompanying impression is taken 



Gassendus he describes as “measuring about 60 miles in diameter, near 
to which may be seen a minute crater marked o, and another marked x , o 
being about the size of our Vesuvius, while a; is lidly larger than Etna 1 A 
comparison between those and the large one will convey perhaps a clearer idoii 
of their relative magnitudes than any attempt at description.” On other counts 
also this is a truly wonderful object ; the interior being rough and bright, 
with its parasites 0 and E, and its several ridges and depressions it resembles a 
oirculai’ wall on the whole, the western side of which rises to the height of 12.000 
feet above the plain of the area, with enormous steepness, since the interior 
remains free from shadow only five or six days dm ing full moon. There 
small passage at the southern part, leading into the Mare Humoi-mn, of which 
Madler and Beer describe Gassendus as the. northern key-stone, and another 
strait communicating with the large crater at the north, while a crowd ol 
peaks rise in the centre, and bright mountain-masses close the east. 

There are various indications of a relationship between the planets, and 
there is an inferential evidence in their fluid origin, and subsequent solidifi- 
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cation : and among other instances their apparent eonnection in astronomical 
and geological phenomena ought not to he overlooked. It is not, however, 
that so interminable a point need be discussed here, further than to submit, 
after the above lunar formations, the following terrestrial specimen. It faith- 
firlly represents the great crater of Teneriffe — eight miles in diameter, with 
its parasitic cones and peak, the latter 12,198 feet high— on a scale ri-m of 
nature (see the Admiralty Teneriffe Keport of 1866, page 674):— 



The Mare Imbrium is one of the smaller lunar seas, yet is 260 miles 
from north to south, by about 290 from east to west. It is surrounded by steep 
elevations; and there are numerous craters, with long marked veins, visible on its 
surface, which is of a decided green tint, and upon it the white effloresconcos 
fomed by the blow-holes are weU seen. The irregularities on this, and other lunar 
oceans, have made some observers leap to the conclusion that they are large tracts 
of ferthe land; but Arago thinks they may still be sUghtly covered with 
water, the light reflected from the beds of such lagoons being more intense 
than that proceeding from the surface of deeper water. Besides the fore- 
going representation, Mr. Nasmyth gratffled me with a beautiftd drawing of 
Gassendus, on a ^larger scale, accompanying his esteemed present with a real 
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good-will offer — iii case the Cycle was coming to another edition — to act as 
my “lunar limner,” and delineate any part or parts of “y° Moone her snrfis ; 
and another zealous selenographer, hight Warren de la Rue, made me a tender 
of the use of his as yet unexcelled planetary plates. The productions of those 
gentlemen, so faithful in the leading physical and mechanical features, would 
indeed have been a treat to Galileo, albeit he used his little “ optic tube” to 
good purpose in making out moon-mountains at all. 

Gassendus is situated at the pitch of the Aponmne range, the most re- 
markable of the lunar mountain-chains, with cliffs upwards of 13,000 (cot high, 
and its culminating peak Iluyghens is 18,000 foot above the Mare Imbrium. 
It is a wonderful field, for here telescopic scrutiny is rewarded witli a striking 
series of rocky ridges and gulleys, elevated plateaux and vast cavities, hriglit 
dykes and dark plots, pyramidal peaks and chaotic masses, forming grand land- 
scapes, possessing apparently much character in common with our Alps, Andes, 
and Himalayas. The nearest summit of this group, towards the weU-formod 
annular and frosted argentine walls of Eratosthenes, is called Wolf by Beer and 
Miidler, by whose micrometric measures it is 11,034 feet in height. And, not 
to be misunderstood, I should here state tluit, in the expression (Cycle, I, 
p. 131) of the lunar mountains, with certain exceptions, being of moderate 
elevation, it was rather relying on the deductions of y than those of others; 
but Beer and Madler {Der Monde) restore in some degree the altitudes for- 
merly assigned by Schroeter. Thus, though it was then said that the Apen- 
nines formed the highest range (18,000 feet), I ought to have mentioned there 
being several peaks of still greater height, as the ring mass named Casatus, 
22,800 feet high, and Newton, which is said to reach a thousand feet liigher 
still : this is probably the most elevated on the face of the moon, for a shade 
of doubt has been thrown over Dperfel’s boasted 24,944 feet, on account of its 
lying at the margin of the limb. These heights, unlike the proportions of our 
mundane protuberances, are so great for their location, that the summits can 
never lose sight of the sun, except during eclipses ; and, compared with the 
size of the spheres on which they stand — the diameter of the moon being 

I 
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little more than one fourth that of onr globe — the lunar monntainSj even under 
possible exaggeration, are on a grander scale than those of the Earth. 

Among other contributions to lunar physics, I am happy to cite the three 
phases of the Mare Orisium and its shores by Professor Piazzi Smyth, whicli 
exhibit that region under three several directions of incident light — new moon, 
full moon, and old moon, — reduced to a mean state of libration. These views 
were taken by my son, at the request of the British Association for th(‘. 
Advancement of Science, in 1864i ; and it is to be hoped that, ere the present 
century shall pass away, the whole visible surface of our satellite will hav(' 
been thus delineated (see Edinburgh Observations, vol. xi.)* 

These marked ranges of elevated districts, and the smooth regions be- 
tween them assumed to be seas, occasion the well-known aspect which has 
been regarded — in most ages and countries — as a resemblance of the human 
face. In classic times those shades were deemed to represent the effigies ol’ 
a handsome female, as Artemis, Selene, or Sybilla.f The features arc thus 
described by Agesianax, a Greek poet, of whom nothing has been preserved 
but the three didactic lines cited by Plutarch — De facie m orhe Limoe^ whicli 
may be thus rendered from Xylander’s Latinized version : — 

Over the orb shines a lesplondciit light, 

In midt't ol' which a damsel’s face is seen; 

Whose checks, suffused, display her bluslics bright. 

Her eye cerulean, or a pule, sea-green. 

The which is certainly a more pleasing notion than that which crept into 
medioBval parlance; namely, that the face pertained to a hoary sinner, who 
Vas banished thither for picking up sticks on the sabbath. ‘While some held 

* I ought not to omit mentioning a beautiful model of the moon on the small scale of 12 inches, but wonder- 
fully exact, which was entrusted to my charge by Sir John Herschel in 1846. It was constructed by Madame de 
Witte, a Hanoyerian lady, who made a general outline from Beer and Modlcr’s great engraving, and then filled in 
the details from her own telescopic observations. During the time that it was in my core, I consulted some cleotro- 
lypists as to the feasibility of multiplying copies of this elaborate gem, but they all shrunk from the task. 

t These early allusions may have influenced the fancy of the Dutchman, who published a book in 1704, intituled 
‘0/i7jpoc 'E^paioff, in order to prove that the subject of Homer’s two poems is token from the Scriptures,— the Iliad 
treating of the taking of Jericho, and tho Odyssey the adventures of the Israelites till the death of Moses. Surely 
Gerard Croes and PSre Hardouin had kindred souls 1 


/ 
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this to refer to him who was stoned to death (NumherSj xv. 32 — 36), others, 
among whom was Dante, firmly insist upon the likeness being that of the 
wicked Cain— (7amo e le spme. The popular superstition of the old man and 
the faggot is alluded to by Chaucer, and by Shalccspeare ; but Milton, loo 
sublime for “ pycchynd stak,” merely touches tlie physics : — 

and aa lowest first tlic Moon ; 

Whence in lier visage those roun<l spots, nnpurg’d 
Vapours not yet into licr suhstfuicc turn’d. 

Although in the Cycle I dwelt not upon hxntxr influences— wliich, as 
Johnson observes, have a great power in vulgar philosophy— I have sojourned 
too long in intertropical regions to assert myself to b(3 entirely sceptical on the 
point, especially as the power of lunar light in inteiicrating fiesh meat, and 
affecting sleepers under exposition to its rays, is sulficiontly patent ; although 
jumpers at conclusions declare that the one is caused by a deposition of dew, 
and the other is a result of the temperature of the skin l)eing lowered by 
radiation whilst in an unresisting state. But, on the contrary, I place no 
reliance on the assertion that a red moon, however it may prognosticate wind, 
exerts, or can exert, any injurious infiucnce upon the phenomena of vegetation 
(Cycle, I. page 124) ; or that its phases should regulate the times for felling 
• timber. The occasional finely-tinted disc of our sateUito which gave rise to the 
proverb for rare events— ‘ once in a blue moon ’ — a phenomenon I have more 
than once noted, may be complemental of the former colour, though it seems 
that, if a very vivid red is placed by the side of white, it is the latter which 
assumes a biuish hue. Such phenomena led to the question as to whether the 
moon absorbed aH the solar heat radiated to her, or whether, with the light which 
she transmits to us, there is not an almost infinitesimal quotum of heat as well. 
Until lately, no satisfactory answer had been given : indeed it was for ages 
thought that the lunar rays were frigorific, at least it was hold to bo proved that 
no heat existed in them (Cycle, I. pages 122 and 123). It was a mistalco. 

Many years have passed since Sir John Herschel commumcatod to mo his 
belief that full moons are generally accompanied by clear skies ; this may b(i 

i2 
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owing perhaps to the circumstance now revealed, namely, that at those times the 
clouds may be dissolved in the higher regions of the atmospliere by the inRucnco 
of this warmth of the lunar rays. Sir John’s later expression (Outlines of 
Astronomy, 1849, page 261) runs thus : — 

“ [iiougli tlie surface of tke full moou exposed to us must necessarily be very mucli heated, — 
possibly to a degree much exceeding tliat of boiling water, yot we feel no heat from it, and even 
in the focus of largo reflectors it fails to aflect thermometers. No doubt, thcrofoi’c, its heat 
(conformably to what is observed of tliat of bodies heated below the point of luminosity) is luucli 
more readily absorbed in traversing transparent media than direct solar heat, and is extinguished in 
the upper regions of our atmosphere, never reaching the surface of the carlli at all. Some 
probability is given to this by the te/ndencfy io disappearance of clouds under the full moon, a 
meteorological jfaci (for as such we tliink it fully entitled to rank *) for which it is necessary to sci'k 
a cause, and for wliich no other rational explanation seems to ufler.” 

But under the severity of recent experiment, besides the temperature 
having been supposed to be perceptibly raised in a condensing mirror of thr(;o 
feet diameter by the Italians, my son Piazzi, in his late experiancntal trip to 
Tenerife, by the most delicate physical measurements conceivable, found that 
the heating influence of the moon’s rays amounted to rather less than half that 
of a wax candle placed at a distaace of 15 feet from him. Hence it is demon- 
strated that she reflects solar heat, and, though almost in a vanishing trace, 
still sufficient to warrant some of her imputed influences. 

So much for the heat of the moon; and, regarding her light, it is found 
to be defective m all the specific rays which are wanting also in solar light ; 
moreover it is polarized in planes conformable to the laws of polarization from 
rough surfaces. Still, with respect to ttio ,qu68tiofi6s vsivcotcd of a lunar atmosphere 
and of the vis motrix of the occultation phenomena (Cycle, I. pages 133 to 136), 
we are precisely whore we were. On this head, a scientific reader of my‘ 
remarks was so persuaded that the stars seeming to run in upon the face of 


* “Erom my own observation, made quite independently of any knowledge of such a tendency having been 
observed by others. Humboldt, however, in his personal narrative, speaks of it as weU known to the pilots and 
seamen of Spanish America." (Hersehel.) To this may be added our own old sea-adages, that m fvJX moon 
brings fm weather, and that Full moons eat up clouds. 
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the moon, was obviously owing to the aberration of light, that a sort of alter- 
cation ensued, bailing to enlighten liim myself, I appealed to the arbitration 
of the Astronomer Royal, whose answer to me (3rd August, 184i6) was I think 
sufficiently conclusive for my positive but well-meaning friend : • 

I conceive that no theory of abevration can give the slightest assistance towards tin* 

explanation of the projection of stars on the moon. 

Whatever he the proper mofions of the star, the moon, or the coi-th, the wave which conics 
fVom the star past any point of the moon, will come to the eye just as if it originated from that point 
of the moon, and not as if it came iioin an interior point. 

But we must not take leave of the sun and moon without noticing that 
their beams have, under modem drilling, proved to contain somotliiag more 
than light and heat; for there is a positive chemical power that is altogether 
distinct from the more obvious properties of solar induenco, and which has 
called the beautiful art of heliography, or suu-drawing, into existence. This 
astonishing effect of the solar beams passing by refraction through a lens 
on paper rendered exquisitely sensitive, whether by caustics, motaUio solutions, 
or otherwise, is well known ; and now it is equally evident that the moon receives 
and reflects this peculiar quality, as well as the light and heat of the sun, 
though with greatly diminished force— moonlight being hut dilutod sunlight. 
Hence Photogbapht must bo regarded as one of the most strildng wonders of 
modern science, yielding portraits of whatever subjects with a boldness of shadow 
and precision of delineation beyond artistic skill, and on whatever scale may bo 
desired, down to the minutest, requiring even microscopic aid to render them 
visible. Yet this result is produced instantaneously, in a few seconds, or ai, 
most in a few minutes, according to circumstances ; and it is only in progress 1 

Maes (Cycle, I. page 148). In consequence of Captain Jacob’s writing from 
the Madras Observatory, that in 1857 the greenish tint, which some observers 
have remarked on certain spots of Mars, was not perceived by him, I scrutinized 
its disc upder favourable circumstances. Again have I to confirm the Herschelian 
assertion as to the colour of the continents being a dull or brownish, red ; that 
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of the seas greenish — perhaps by contrast ; and the poles, especially the soiitliern 
one, white. But the Captain also says, that the general hue appeared to him 
similar to the general appearance of the Earth’s shadow on the moon, wliich 
is also considered a variety of green ; and that shadow, when not of a palpable 
coppery tinge, always struck him as being of a neutral brown or dun tinge. 
This might be owing to an affection of the eye, to the medium looked tlirougli, 
or to both; such differences however are worthy of note in our present irre- 
gular chromatism. Captain Jacob’s telescope was by Lerebours, G*26 inches 
aperture, charged with a power of 27*7 ; and I used the Hartwell refractor of 
5-rff inches, under a negative eye-piece magnifying 240 times. 

In speaking of the variability of Mars (Cycle, I. pages. 160-1), of course 
I was alluding to the surprising changes of brightness consequent upon, and 
corresponding with, the great variations of his distance. Now, though a 
practised observer may be woU acquainted with the differences of the mean 
diameter of this and the other erratic bodies of our system, as compared 
with their apparent diameters at • conjunction and opposition, yet a diagram 
representing the proportionate or relative apparent magnitudes of Mars, at 
his extreme distances and at his mean distance from the earth, may server 
at once to remind the practised and to guide the young amateur : 



Maw at opposition or least diatanoo. At moan distance. At conjunction or 

greatest distanno. 

The Asteroids (Cycle, I. pp. 162-161). In the year 1844 I closed my 
account of these bodies with the elements and particulars of Ceres, Pahas, Juno, 
and Vesta; after the discovery of which, and the discontinuance of Olbers’s 
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searclij years had rolled on without further thought on the subject, excej)t 
what was awakened by Cacciatore’s letter to mo from Palermo in 1836 (Cycle, II. 
page 264), in which he lamented that a planet of some kind or other had 
slipped through his fingers. But towards the end of 1845, the astronomical 
community were aroused by an announcement from M!, Honcko, of Briessen in 
Prussia, that, after having spent the leisure of 16 years persevcringly in the 
search, he had discovered another of the extra-zodiacal minors, and named it 
Astrsea. It was found to revolve round the sun at nearly the same distance 
as the others, in a plane almost passing through the same nodes, and accom- 
plishing its revolutions in 4 years and 62 days ; which differs very little from 
the hypothetic prediction of my distinguished friend the late Baron do Zach. On 
the 9th of January 1846, when this notice was given to the Boyal Astronomical 
Society, I happened to be in the chair, and therefore witnessed the animated 
pleasure — not un mingled with surprise — with which it was received by the 
Meeting : and the remarks made that evening on the discovery will bo found 
in the Society’s Monthly Notices (vol. vii. pages 27, &o.). Scarcely had this 
news cooled, ere M. Hencke picked up another fragment, which he diibl)cd 
Hebe, with a sidereal period of three years and 286 days ; and it befel me 
to be again presiding at this second announcement, when I heard, in the 
course of the evening, the fixed determination of more than one friend to 
seek for additional splinters of the supposed shattered planet.' 

This unlooked-for intelligence was the signal of a new era in astronomical 
research, since, the alarm being given, it struck upon the ears of men who were 
willing, energetic, and ripe for systematic operations in the ecliptical regions 
of the sky. Besides the professional regulars of the astronomical corps, the 
volunteer amateurs — a body unconnected with any national establishment — 
advanced and did good work; so much so indeed as to reap one-third of the 
unexampled harvest that followed. And mark the supply of improved practice 
which ensued on the demand: when Ceres was first singled out, her rating 
as a planet was regarded with grave suspicion, and astronomers wore by no 
means satisfied as to her claims in that respect for a considerable time : but 
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now a gazer would make up liis mind in tliirty minutes. Even in tlie instance 
oi‘ Iris, tlie first planetoid wMch feU. to the lot of England to catch -iip — Uttlc 
more than an horn* suJBGlced to mark her one of the errcmles, as is woU shown 
by a letter which Mr. Hind wrote to me on the 14th of August 1847 : — 

At half post 9 o’clock lust evening I discovered a new planet near the star Piuzzi xix, 39G. 
It evidently belongs to the group between Mars and Jupibei*, and may possibly prove to be the 
object seen and afterwards so unaccountably lost by Caedatore in 1835. This however is mere 
supposition. It sliines as a star of 8*9 magnitude, and the observed positions are:— 

G. M. T. i®. of Planet. S of Planet. 

August IS, 9^ SS™ 17« 19b 30-528 _ 130 27' 23-4" 

„ 10 45 19 19 67 28-02 — 13 27 29-0 

■ Wlicnce the diurnal retrograde motion in Al amounts to 51®: tlie change of dccliimtion l)ciiig 
very small. 

Such was the effect of the vigorous perseverance aroused in scouring tlic 
zodiacal latitudes, that we have now no fewer than 56 of those bodies amcmablo 
to law :* and it is with singular ploctsure I record tliat eleven were disco vev(Hl 
in the observatory which was devised and equipped on iny plan and counsed, 
by my friend Mr. George Bishop, in Regent’s Park. The finding and winning 
of these physically interesting, but otherwise apparently useless, spheres, wei*(^ 
mostly communicated to me by the promptest means ; and I have especially 
to thank Messrs. Hind, De Gasparis, Ohacornac, Pogson, and my Anu'rican 
friends Bond, Everett, and Maury, for their ready and eai-ly notifications. 
As to the first of these gentlemen, his appetite for tlie quariy w'us vora- 
cious in the extreme, since he desisted not till he had captui*ed ton. 

On the 14th of May 1854, I had the honour of proposing Mr. Hind to 
the Oouncil of the Royal Society for their royal medal; on which occasion 
I was able to support the claim in these unusual terms ; — 

Mr. J. E. Hind baa discovered no fewer than ten new planets, and computed the elements 
of their orbits — first fi-om his own observations, and again from those of other astronomers : and ho 
has greatly improved our knowledge ot the motions of all the members of the Planctoidal group, 
by similar discussions, in each case, of all available data. 


* It wad only in 1689 that Martin ^ent-Juarry, in his Curiosiorai el scleciiora Vuriurum Scientiui'uyn, says— ■ 
“ Omnes quinque minores Vlanetes, nempe : Saturnns, Jupiter, Venus, Mars, et Mercurius, sunt," &c. 
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Mr. Hind has also discovered two new comets, and tended greatly to proenre multiplied 
observations of them, and of others, by his rapid calculation and speedy publication of succcsBive 
approximations to the elements of their oi’bits, having tlicreby enabled many comets to be followed 
up through important portions of their paths, wliicli would otherwise liavc been lost — as witness the 
momentous and then unique case of his comet of 1847, which was observed at its pcrihelicm passage 
at noon-day, and in the immediate proximity of the Sun, solely in consequence of the accuracy of 
Mr. Hind’s computed places. 

He has moreover discovered an elliptical nebula, a new deeply-coloured star, and several 
variable stars, including the remarkable changes in S Cancri, of which he published an ophemeris. 
He has strengthened the evidence of a physical connexion between the constituents oI‘ binary stars; 
and he has accurately mapped and published, for the advantage of astronomers in gcncr.al, all tlie 
stars in a large part of the ecliptic region of tlic sky, down to and including tlie lltli iiiagniLndc. 
These maps cannot fail to be of great utility in promoting the future discovery ol‘ pluiietvS and 
asteroids ; in fact, of gleaning the heavens in that very interesting department.” 

There has been much coyness among savans as to the nature and con- 
dition of this suggestive group of fragments ; and perhaps we must rest on 
our oars for some time yet before opinions are in unison. But from their 
exceptional minuteness of hulk, their mean solar distances, and their near 
orbital approximation at the points of mutual intersootion— yet differing very 
widely from each other in their obliquity, oxcentricity, and inclination — tlK' 
Olbersian hypothesis is really countenanced (Cycle, I. page 167). Still, 
although that theory receives fresh accessions of probability in the discovery 
of every new asteroid, it would be premature as yet to regard it as one of the 
demonstrated truths of science. Their magnitudes are too small for precise 
measurement by any of our present methods, but from free estimation wo may 
assign to the generality of them a diameter of 100 mUcs + : and this is a 
liberal allowance,* since M. Leverrier finds that their aggregate mass must 
be less than one-fourth that of the Earth, because, if equal to that quantity, it 
would, in course of time, have had such a sensible effect on the solar position 
of Mars, as could not have escaped the notice of astronomers. 

Then look at their cruizing-ground. The perihelion distance varies between 
1*798 of the Earth’s mean distance from the Sun, or about 171 millions of 
miles, for Melpomene, and 2*863, or 272 millions, for Eygeia ; while their 
greatest solar distances are included between the aphelion of Elora, 243 mil- 

• According to Argelander, the mean diameter of the first 39 asleroids r= 72-6 English niilos. 

K 
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Uons of miles, and 335 millions for Tliemis ; and their period of reTolution 
about our central orb, between that of Kora, or 1193 days, and 2064 for 
Hygeia. Thus the first of these splinters is the nearest to the sun, and the 
second the most distant. Atalanta is the fa.intest of the group, and Hestia 
the next, being respectwely of 12-9 and 12-6 magnitudes when in opposition, 
the planets and our earth being supposed at their mean solar distance. 

But the windings of their respectire paths must long form a most diffioul 
tangle for the human mind to extricate, since, unlike the older planets with 
elUpses and inolinations geometrically moderate, the series expressing the co- 
ordinates of these smaU bodies become extremely complicated and unconvorgont. 
Moreover we know next to nothing respecting the retarding influence of an 
ethereal medium (Cycle, I. pages 251 and 262), but which, notwithstanding the 
terrors of the Vaouumites, really seems to exist. There arc still some-aye, 
and A1 men too-who set themselves dead against this conviction, though 
in the present state of the argument they mostly carry toller canvass than 
ballast. The labyrinth gets more and more intricate as we dive mto the 
elements of the asteroids. The variety in their orbital inclinations-as for 
instance Pallas 35° and Massilia not l°-may have arisen from the original 
impulse at the moment either of internal explosion, or external shock, and their 
mutual disturbances while they were yet so near each other that their forms 
had an influence on their attractive force. Even now thoir orbits may bo 
subject to great variations, for some of them are such dose neighbours— Ins and 
Vesta to wit— that their reciprocal perturbations may probably invert their moan 
distances from the sun. To the Poet’s eye, these planetoids may seem to bo 
“ ria-nfiTig the hays ” as they sail along tlirough the fathomless immensity of 
space in intertongled courses, though from their diminutive size no other eye 
sees them unassisted ; while, ftom the smallness of their masses, the force of 
gravity on the surface of their bodies must be so inconsiderable, says Hor- 
sohel, that “ a man placed on one of them would spring with ease sixty feet 
high, and sustain no greater shook in his descent than he does on earth toom 
leaping a yard;” and on some of them the astronomer would find a length of 
two inches quite sufficient for his seconds pendulum. 
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Some yery angry expletives have heen aimed at the nomenclature, -but 
it is rather firing off wadding than shot; and, li’om what a iriend tells me 
of the example of using modern names, as adopted by Beer and Madler in 
tlieh Selenogi'aphy, it may he apprehended that it would not. he the votaries 
of science who would find the greatest favour (sec Cycle, vol. I. pages 436 
and 437).* Happily, the symbols at first bestowed on these duuinutive bodies 
are for ever abolished, and Dr. Gould’s encircled numbers universally adopted. 

Who could have ventured to predict half a century ago, that, before the year 
1860, one large planet, more tlian liaK a hundred small ones, and a batch of 
periodical comets, would be added to the Solar system as known in 1800 P 
Yet, we repeat, except their geometrical positions, very little is known al)Out 
them; but, in order to arrive at tlicu’ orbits with greater accm*acy, the astro- 
nomers of various countries liave organized a division of labour wliich is 
eminently calculated to harness the asteroids. This has been carried by a 
concerted agreement among themselves, in assigning the task of closely attend- 
ing an allotted portion of them to particular public and olficiont observatories ; 
each astronomer taking charge of, and making liimseK accountable for, exact 
determinations of some five to eight members of this atomic J‘amily. In 
October, 1856, the accepted distribution stood thus : — 


* When requested to name I WRS desirous of calling it llorus, tlio son of Isis, the latter having also 
been discovered at Oxford, near the bonks of the Isis, by Mr. Norman Pogson; but, finding the nomenclature 
restricted to females, I suggested Hestia. This hoa been thought to borrow too closely on Vesta ; but, though the 
latter was the Roman copy of the former, the Greek worship of Ilestia dilfured in several points. A stem moral- 
ist might doipur as to the choi’octer of some of the ladies who have been thus placed aloft, and who oould rebut 
himP While on names, the objection made in America to Hind’s Victoria should be mentioned, since it appears 
to have been forgotten that our Sovereign bears the name of one of the olden deities ; but the objection was hardly 
taken, ere I received the following note on the subject from the Hon. Edwai’d liverett, wliich’ I forlliwith communi- 
cated to the Boyd Astronomical Society (Monthly Notices, xi. 27) “ I perceive that Mr. Hind has received 

the impression from Mr. Gould (editor of the Astronomical Jouimal), that the American astronomers wore not 
disposed to acquiesce in the name of Victoria, proposed by him for the lost asteroid. When tliat name was first 
proposed, it was considered by some persons to bo inconsistent with tlio prineiplo which had heen agreed upon in 
reference to the designation of newly-discovered bodies. But, os Mr. Hind states that ho rogai’ds Victoria, in this 
connexion, as the name of a mythological personage, 1 caimot think that its comcidcnce with tlial of your Sovereign 
ought to forbid its .use. Mr. Bond fully agrees with me in this opinion, and there is no one in this country of 
higher authority than he on any astronomical question.” 
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No. 

1 

Ceres 

Copcuhogen, Rome. 

No. 

22 

Calliope 

Gottingen, Vienna, Ann Arbor. 

2 

Pallas 

Copenliflgenj Rome. 

23 

Thalia 

Berlin, Vienna. 

Cambridge {Eng.), Berlin. 

3 

Jiuio 

Copenhagen, Rome- 

24 

Themis 

4 

Yesta 

Albany, Rome. 

25 

Phocaaa 

Washington, Berlin. 

6 

AstraaJi 

Gottingen, Vienna, Ann Arbor. 

2G 

Proserpine 

Cambindge {Eng.), Ann Arbor. 

6 

liebe 

Altona, Ann Arbor, Bilk. 

Altoua, Albany. 

27 

Euterpe 

Vienna. 

7 

Iris 

28 

Bcllona 

Cambridge {Eng.) 

8 

Flor.a 

Cambridge ( Eng.)., Ann Arbor. 

29 

Amplutritc 

Altona, Albany. 

9 

Metis 

Cambridge {Eng!), Ann Arbor. 

30 

Urania 

Cambridge (Eng.) 

10 

Hygeia 

Altona. 

31 

Enphrosync 

Berlin, Vienna, Amn Ai’bor 

11 

Parthenope 

Altona, Bilk. 

32 

Pomona 

Vienna. 

12 

Victoria 

Cambridge {Eng.), Ann Arbor. 

33 

Polyhymnia 

Berlin, Vienna. 

13 

Egeria 

Washington. 

34 

Cii’ce 

Cambridge {Eng.), Berlin. 

14 

Irene 

Washington. 

35 

Leucothea 

Washington, Cambridge {Eng.) 

15 

Eunomia 

Altona, Albany. 

3G 

Atalauta 

Berlin, Vienna. 

1(1 

Psyclie 

Washington, Berlin. 

Washington, 

37 

Fides 

Washington. 

17 

Thetis 

38 

Leda 

Gottingen, Vienna. 

18 

Meli)oiiienc 

Washington. 

39 

Lffititin 

Altona. 

19 

Port Lina 

Altona. 

40' 

Hiu'monia 

Vienna. 

20 

Massilia 

Gtittiugen, Vienna. 

41 

Daphne 

Vionnii. 

21 

Lutetia 

Berlin, Vienna. 

42 

Isis 

Gottingen, Vieima 


May tlie daughter of the great Zeus, the celestial Ovpavui herself, speed 
the labours of this Upa cfjaXcuy^i and, when we shall have attained a gr6ater 
amount of certainty respecting the Asteroids, a close study of their orbits will 
tend to show whether the hypothesis of a large planet’s explosion be tenable 
or not. Although they have no doubt origiaally been thus created for wise and 
inscrutable purposes, it cannot be denied that all the recent discoveries strongly 
countenance the idea of a tremendous cataclysm having occurred, however little 
such an event may appear to be in harmony with cosmogony. Eor my own 
part as to these bodies, so minute, yet as facts so essential to all future specu- 
lations on the solar system, I have only occasionally looked at them when 
their several discoveries were from time to time announced. Under coaxing 
management in the telescope, the largest of them present a steady, pale disc, 
contrasting with the brighter twinkle of neighbouring stars of apparently similar 
magnitude; but, as they are off my beat, and had but little of my atten- 
tion, I shall here insert their elements as gathered together for me by Mr. 
ISTorman Pogson, precursing with his remarks to me on their tabulation, dated 
from South Parade, Oxford, July 22nd, 1868 ; — * 
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As cfU’ly as poraible I set to work to prepare tlie recprircd table; but, a» you kindly left inc 
muck liberty as to its arrangement, I liave drtiwn it up exactly as 1 know by my own lic([uont 
wants is most convenient for reference. 1 bave long intendetl to compile snob a ttible for my own 
private use, but other matters have hitherto prevented me. 

You will observe that this table is on two pages, ol' which the first bears the historical details, 
and the second the elements. 1 will remark that, in the fourth column ol the (list page, by 
adding the word Observatory a just distinction is drawn between amateurs who devote their Lime us 
a labour of scientific love, and those who are paid for their work, and only successfully fulld their 
duty. 1 am the only loser by such proposal in the cases of Isis and Ariadne; but then my right 
to Hestia is completely established. My magnitudes on column 6 are to he iusened iu the Nautical 
Almanack for 1862; they arc identical with Argolaudcr’s, and therefore tlnr mean opposition mmj- 
nitude, calculated on the generally employed ratio of 2,512, hecomes an additional clement of the 
orbit. The seventh column has been fresh computed, and in the eighth the uames of the ]uuns- 


taking and praiseworthy computers ai'C enrolled. 

We now come to the clement page—in the first column of which .the epoeba^ are all exjrresRc'.d^ 
in Greenwich mean time, and the frequeiit rcouiTcncc of the fraction •96279 is in conscuinenee of 
most of the elements having been computed for Berlin noon. If pvefendile, it wouhl be veiy 
little trouble to alter the mean anomalies, so os to dispense with IraoiiouR of a (biy entirely, and, 
for Greenwich mean time, put Grccnwiob mean noo7i. In the remaining columns all tlio elements 
have been coUoctcd from the latest, and apparently the host, sources. When the tt and SI ^*■1* 
referred to another equinox than the epoch, 1 have corrected them to the dtlte given in column 1 
of this page. I cannot hut plead against the expression Longitude of I^einhelion, counted as It is 
partly on the ecliptic and partly on the orbit; the single word is far hetUn*. In the lust column 
the Log. Mean Distance is much more useful than the natural numbers. Mean daily sidereal 
motion is so easily obtained if desired, thiit it does not merit a separate column, though, if thcic 


were one to spare, its logarithm would ho a couvenient addition. 

In reference to this formidable array of little iilancts I may merely montiem tlmt Juno was Ibuml 
with the smallest telescope ever used for such a puiqiosc, — only two inches in iij)erLuro. Irene was 
discovered independently by Do Gasparis just four days later than by Mr. Hind; but tbc finding ol 
Psyebe was Do Gaspuris’s reprisal for Irene, he tberein forestalling lliml, thougli only by omi 
day. Massilia was found independently by Chacornac the night after its discovery at Naples; and 
in like manner Amphitrite was picked up by myself one night only alter Marth hod secured it. 
Virginia was announced as discovered hy Luther on the 19 tlx ol October, but lerguson bad 


preceded him in Washington hy about fifteen days. 

Vesta, when favourably situated, is distinctly visible to tbc nalced eye, and has been so seem 
by me ; it can become much brighter than Uranus. Small planets mny exceed their mean opposi- 
tion-magnitudes hy two magnitudes, or more than six times tlicir whole (piantity ol light, on our 
ratio; or, if th©' Earth be in perilxclion when the phixict’s opposition oeeurs near its aphelion, it 
may fall as much short of tlxe mean value; but 1 firmly believe that all the lancies about their 
variability are mere imagination, tlioiigh 1 once indulged in a similar belie! about L'is. 

Hestia is the faintest but one (Atolanta) of the small planets, and Argolandur was astonished 
that I could observe it with the Smythian telescope, which has only 3’6 inches of clear aperture; in 
most oppositions it will be absolutely invisible with that instrument, excellent as it is 


\ 
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Cores . . 
Pallas . . 

J uno . 
Veato . . 
Astroa . . 


Hobo . . 
Iris . . , 
Flora . . 

Metis , . 
Hygoia 


Partlieiiope 
Victoria 
Figeria . . 
Trene . , 

Eunomia . 


Psyche 
Thotis . , 
Molpctnouc 
Fortuna . 
Mossilia . 


L 
C 
T 

Thomis 
Phocoa . 


Prosorjjinu @ 

Euterpe . @ 

Bcllona , (sa) 

AmpbLtrilu ^ 

TT •_ 


Euphrosyuc 
Pomona . 
Polyhymnia 
Circo . . 
Leucothca 


Atalanta . 
Fidea . . 
Leda . . 
Ltotitia 
Harmonia 


Daphne 
Isis . . 
Ariadne , 
Nyss . . 
Eugenia . 


Hcffitia , . 
Aglaia . . 

Doris . . 
Pales . , 

Virginia . 


Nemausa . 
Europa 
Calypso . 
Alexandra 
Pandora . 


Piazsi . 
Olbcra , , 

Harding 
Olbei* . . 

Ueiioke . . 


Honcke , . 

Hind . . 
Hind . . 
Graham 
Do Gasparis 


I)e Gasporis 
Hind . . 
Do Gaaparis 
Hind . , 
Do Gosparis 


Do Gosparia 
Luther . . 
Hind . . 
Hind . . 

Do Gaaparis 


Goldschmidt 
Hind . . 
Hind . . 
Do Gaaparis 
Chacornoo 







Ferguson . 
Goldschmidt 
Chacornao . 
Chacornao . 
Luther , , 


Goldschmidt 
Luther . 
Chacornao . 
Chacornao . 
Goldschmidt 


Goldschmidt 
PogBon . . 

Pogaon . . 
Gohlsclunidt 
Goldschmidt 


Pogaon , . 
Luther . . 
Goldachmidt 
GoldachmiUt 
Ferguson . 


Laurent , . 
Goldschmidt 
Luther . . 
Goldschmidt 
Searle . . 


Palermo Ohsorvatory 
Dromon . . . . 

Lilioiithal . . . . 

Dromon . . . . 

Driesaon . , . . 



Driessen 

Mouth Villa Obsorvalory 
South Villa Observatory 
Markree Obacrvalory , 
Naples Observatory . . 


Naples Observatory . . 
Houtli Villa Observatory 
Naples Observatory . . 

South Villa 01)BQrvatory 
Naples Obaei’vatory . . 


Naples Obsoi'valory . . 

Bilk Observatory . . 

Soutli Villa Observatory 
South Villa Observatory 
Naples Observatory . . 


Paris 

Soutli Villa Observatory 
South Villa Obsorvalory 
Naples Observatory . . 
Marseilles Observatory . 


Bilk Observatory . . 

South Villa Ohsorvatory 
Bilk Observatory 
South Villa Observatory 
South Villa Observatory 


Washington Observatory 

Paris 

Paris Ohsorvatory . . 

Paris Observatory . . 
Bilk Observatory . . . 


Paris , . . . 
Bilk Obsorvatoi'y . 
Paris Observatory 
Paris Observatory 
PotIb . . . . 


Paris . , . . . 
Radcliffo Observatory 
lladollM'e Observatory 

Paris 

Paris 


Oxford 

Bilk Observatory . . . 

Paris 

Paris 

Washington Observatory 


Marseilles Observatory . 

Paris 

Bilk Observatory . . . 

Paris . ^ . 

Dudley Observatory . . 


1801 Jan. 1 

1802 March 28 
1804 Sep. 1 
1807 March 20 
1845 Deo. 8 


1847 July 1 
1847 Aug. 13 

1847 Oct. 18 

1848 April 26 
1840 April 12 


1860 May 11 
1860 Sop. 18 

1860 Nov. 2 

1861 May 19 
1861 July 29 


1862 March 17 
1862 April 17 
1862 June 24 
1862 Aug. 22 
1862 Sop. 19 


1862 Nov. 16 

1862 Nov. 1(1 
1862 1)00. 16 

1863 April 6 
1863 April 7 


1863 May 6 

1863 Nov. 8 
1854 March 1 

1864 March 1 
1864 July 22 


1854 Sop. 1 
1864 Oot. 20 
1864 OoL 28 
1866 April 6 
1866 April 19 


1866 Oot. 6 
1866 Oct. 6 
1860 Jan. 12 
1866 Fob. 8 
1866 Moroh 31 


18. 6 May 22 

1866 May 23 
1857 April 16 

1867 May 27 
1867 June 27 


1867 Aug. 16 
1867 Sep. 16 
1867 Sop. 19 
1867 Sop. 19 
1867 Oot. 4 


1868 Jon. 22 
1868 Feb. 6 
1868 April 4 
1868 Sep. 10 
1868 Sep. 10 



cl. 

7.7 

1080.2 

7,9 

8.7 


6.6 

1321.8 

10.0 

1611.7 

1^ 

1380.2 

1346.4 

8.0 

1193.0 

8.9 

1316.9 

9.8 

2063.6 

9.6 

0.6 

Hji 

9.0 

1600.8 

9.7 

1621.9 

9.1 

1670.6 

19.1 

9.9 

IB 

9.6 

1270.6 

0.7 

1393.3 

9.3 

1366.9 












Luther 

BrUnnow 

GUnther 

Bruhus 

Trottonoro 


Klinkorfues 

Schoenrold 

Brulins 

Powolky 

GUnther 


l..osHur 

Homstoln 

Schubert 

Kruger 

GUnther 

Oudemans 

Gunther 

Bruhns 

GUnther 

GUnther 
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lafiu Sop. ». 00000 197 

ISfiO Aug. 4. 00000 104 

1850 April 30. 00000 163 

1850 Oct,. 3. 00000 111 


46 44.0 149 26 29.0 

88 62.2 122 0 37.6 

2 4.0 54 6 6.0 

29 16.9 260 28 6.9 


80 49 60.1 4 30 10.7 

172 38 16.6 IS 61 47.6 

170 69 7.7 14 40 88.4 

108 22 12.3 6 10 21.3 


10 36 30.0 0.441862 

34 42 44.8 0.442481 

18 2 68.8 0.426446 

7 8 10 8 0.373062 


1860 Miu-ohl. 00000 

24 87 40.3 

135 

6 40.3 

141 26 16.7 

10 44 11.0 

6 19 8.1 

0.411246 

1868 May 7. 96279 

226 63 44.3 

16 

7 48.9 

138 36 28.8 

11 87 7.7 

14 40 24.1 

0.J84901 

1860 Veil. 8. 96279 

73 20 43.0 

41 

29 40.8 

269 47 16.1 

13 22 18.1 

6 27 67.4 

0.377734 


1847 Doc. 31. 90279 36 64 3.6 32 64 28.3 110 17 48.6 9 0 66.3 6 63 8.0 0.342696 


1868 Juno 29. 90279 
1868 April 11. 00000 


1868 Juno 26. 96279 

1869 Jan. 24. 00000 
1868 Sop. 26. 96279 
1867 Nov. 19. 96279 
I860 Juno 17. 00000 


1866 Nov. 26. 06279 
1868 April 11. 00000 
1860 .lau. 19. 00000 

1868 Marche. 00000 

1869 Aug. 21. 96279 


1860 Jun. 19. 00000 
1869 Doc. 30, 96279 
1860 Jan. 19. 00000 
186!)AprilO, 00000 
1868 Doc. 22. 96279 


1860 Veil. 6. 00000 
1869 Juno 13. 90279 

1861 Veil. 27. 90279 

1869 July 8. 90279 

1868 Oct. 8. 96279 


1864 Duo. 30. 90279 
1868 Out. 8. 00090 

1854 Due. 30. 90279 
1850 July 12. 96279 
1866 AprU29. 96270 


1866 Due. 30. 90279 
1866 Doe. 30. 90279 
1866 1)00.30. 96279 
1866 Doc.31. 90270 
1866 1 ) 00 . 30 , 96270 


186(1 May 31. 4628 

1866 Juno 30. 90279 

1867 April! 6. 96279 
1867 July 9. 96279 
] 866 Doc. 30. 96279 


1867 aep. J9. 71398 
1867 Nov. 28. 30860 
J867 OoL. 30. 90279 
1867 Oct. 30. 96279 
1869 March 1. 00000 


67 4 17.1 
186 20 23.4 

71 3 66.6 
231 46 1.2 

68 31 31.6 
286 63 1.7 

7 6 1.6 

6 36 41.7 

327 46 3J.8 
169 67 61.3 
261 62 66.6 
247 43 68.7 
219 47 16.6 

316 10 7.1 
301 60 33.7 
119 81 16.9 
179 28 21.9 

27 32 11.0 

126 3 41.1 
236 37 17.3 

43 19 29.5 

86 40 4.6 
208 66 37.0 

6 40 30.3 

12 41 41.0 

6 2 8.2 

9 so 38.1 

10 47 66.8 

38 64 60.6 
136 48 12.9 
346 12 66.8 
118 63 20.0 
226 16 30,9 

12 40 84.3 
269 67 18.0 

15 13 16.4 

30 23 30.6 

98 36 34.6 

160 32 48.5 
125 26 7.3 
160 4 16.7 
211 26 0.2 
206 42 29.2 

7 44 14.8 

7 16 60.4 

12 31 65.0 

9 6 14.3 

8 10 11.1 

22 64 82.4 
168 12 13,6 
200 43 22.4 
64 0 28.6 
132 24 12.0 

326 27 0.6 
60 34 13.1 
123 69 0.6 
139 0 1.6 
302 64 40.7 

80 30 66.2 
60 36 21.8 

87 38 36.4 
36 10 0.6 
214 4 16.4 

9 18 22.0 

6 61 7.4 

13 24 11.4 

6 42 6.7 

14 40 33.0 

186 24 6.1 
173 4 32.7 
30 40 48.6 
236 82 17.2 
348 G 69.7 

234 60 23.0 
87 80 0.0 
122 22 48.3 
66 30 0.6 
31 23 24.7 

46 56 3.4 
93 44 46.0 
144 43 6.4 
360 26 61.8 
308 13 46.8 

6 0 0.3 

9 67 22.6 

8 63 17 6 

4 0 8.1 

7 18 22.7 

319 58 43.7 
188 62 32.2 
42 23 62.6 
140 32 31.2 
360 32 30.3 

93 61 6.0 
103 44 68.4 
340 41 66.8 
160 3 61.9 
198 17 0.2 

31 26 23.0 
220 60 36.2 

9 14 80.4 
184 44 56.6 
360 24 37.9 

12 28 29.8 

4 41 62.9 

19 44 7.9 

6 8 42.4 

12 80 13.6 

363 67 28.2 
336 28 64.5 
12 11 49.1 
144 30 87.9 
278 3 16.0 

42 22 26.0 
66 6 S6.S 
100 44 30.7 

2 7 12.4 

2 2 10.0 

369 8 48.4 

8 10 23.4 
296 27 34.9 
167 19 38.9 
98 32 28.0 

17 19 63.4 

10 4 0.8 

8 66 50.2 

6 21 43.8 

2 38 29.0 

332 7 19. 
318 47 13.6 
306 61 0.9 
121 9 11.4 
340 24 83.9 

230 21 80. 
317 67 84.4 
277 14 9.6 
111 46 11.9 
235 4 34.4 

180 6 61. 

84 27 40.7 
284 29 27.4 
130 64 83,1 
147 61 87.8 

11 40 67. 

12 62 60.1 

9 38 46.6 

8 26 61.6 

4 62 10.7 

338 1 67.7 
60 19 45.8 
281 61 49.6 
337 40 6,6 
118 44 68.3 

364 66 42.7 
312 9 19.3 
77 11 47.6 
32 49 23 3 
10 12 46.0 

181 24 60.4 

4 28 36.0 
185 13 30.7 
•290 27 1.0 
173 30 0.0 

9 48 16.8 

7 32 68.4 

4 26 19.8 

13 44 64.4 

10 41 4.1 


1868 March 2. 66279 

1867 Doe. 30. 00279 

1868 April 27. 96279 
1868 Sop. 20. 31812 
1858 Nov. 4, 46279 


342 34 21.8 190 12 4U.2 

31 11 34.8 102 14 26.1 

76 27 38.6 94 38 62.4 

23 6 34.4 306 19 28.0 

5 7 34.2 11 21 34.6 


176 37 44.1 3 36 13.0 

120 56 67.2 6 47 36 6 

143 30 27.9 10 23 3.6 

813 22 43.9 10 60 23 7 

10 67 30.S 8 9 44.0 


6 36 0.0 0.377621 

3 47 26.3 0.499948 

4 30 67.9 0.3S9626 

8 28 12.4 0.868202 

16 32 24.2 U.41O870 

9 7 7.4 0.413194 

11 43 37.8 0.422306 

8 4 7.6 0.466809 

6 36 22.0 0.303686 

10 8 38 4 0.860028 

1 32 33.7 0.337626 

0 41 7.3 0.881892 

3 6 21,0 0.886464 

18 46 28,4 0,463818 

10 13 5.7 0.419712 

0 48 66.8 0.497661 

21 34 63.6 O.8SO03O 


3 36 38.0 

0.424090 

1 36 31.1 

0.370668 

9 22 30.8 

0.443291 

6 7 49.6 

0,407869 

2 6 66.9 

0.ST3684 

26 25 12.4 

0.499169 

5 20 3.9 

0.412762 

1 66 48.0 

0.457066 

6 26 36.8 

0.429688 

8 16 17.7 

0.473206 

18 42 9.6 

0.430128 

8 7 19.3 

0.421918 

G 68 26.3 

0.437747 

10 21 0.4 

0.442646 

4 15 48.4 

0.366229 

16 48 23. 

0 3S027 

8 34 39.6 

0.386801 

3 27 47 6 

0.343180 

3 41 6tJ.6 

0.386076 

6 35 69.1 

0.488109 

2 17 61.0 

0.404706 

6 0 26.6 

0.468732 

6 29 44,0 

0.492320 

3 8 25.0 

0.439412 

2 47 45.0 

0.428066 

10 14 39.4 

0.370196 

7 24 34.9 

0.491345 

5 3 38.8 

0.417122 

11 31 21.0 

0.436200 

7 13 81.6 

0.440835 
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Jupiter (Cycle^ I. pp. 167 to 184.) The volume here cited had hardly 
been launched, before it was foimd that on page 168 (line 10 ah wio) the printer 
had mistaken a 3 for an 8 ; and, altering the figure into a word, the error was 
overlooked on the proof-sheet. This, however, would not probably lead to 
any blunder, for it was obvious to the “meanest capacity;” and moreover the 
ratio of surface gravities is shown on the bottom line of the same page. 

The stupendous disc of this large planet is a truly interesting object, and 
still demands closer attention; hut, not being upon my regular worldng agenda, 
it has only been occasionally viewed by me. Although its light has neither 
the brilliance nor the wliiteness of that of Venus or Mercury, the mild lustre 
of its surface is at once pleasing and beautiful, which soon led to a critical 
examination of it after the invention of telescopes, and the consequent discovery 
of both bright and dark spots upon it (Cycle, I. p. 171.) Latterly, however, 
there had been neglect in the matter, on the common delusion perhaps that 
all had already been done which could be expected. Thus we dozed till the 
year 1849, when the Uev. W. R. Dawes perceived some very remarkable 
white dots on Jupiter, wliicli he likened to the circular craters on the moon. 
On the 27th of March of the following year Mr. Lassell saw them in his 
20-foot equatoroal reflector, and sent the sketch of these singular objects to the 
Astronomical Society, from which the engraving is made that appears in their 
Monthly Notices (vol. x. page 134). Again, in May 1860, Professor Schumacher, 
of Altona, observed four or five of these features on one of the belts, which 
he thus describes — “These white spots are most remarkable. They are all 
perfectly round, distinct, and bright. The largest of them is as distinct and 
woU-dofined as the disc of a satellite appears in a 9-foot reflector. They are 
striking phenomena, keeping their relative positions as they are carried .along 
by Jupiter’s rotation, and there are no other similar spots on his disc.” 

It so happened that, when this tocsin was sounded, I was not in observing 
action ; and as, when operations re-commenced, my efforts were otherwise 
directed, the Jovian spots were not borne in mind. Assuredly such neglect 
ought not to occur where a fine equatoreal is in use, but it affords another 
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l)roof, if proof were wanting, of the necessity of a division of labour to meet 
cases even in astronomy. Matters remained in this state with mo till the 
13th of October, 1857, when I received a letter from Sir William Kcitli Mm’ray, 
of Ochtertyre, informing me that while gazing upon Jupiter on the 6th of 
that month — but his own words will be best: — 

Allow me to thank yoTi for yom* note, and J shall not fail to look for the objeuts thuL yon 
mention the first clear night. I have lately b(^en testing Cooke’s 9-mch object-glass on 7 
Andromedae and other objects, and am glad to say it promises well. 01‘the colours of the first, A 
is oi-ange, b pole yellow, and c smalt blue: there is no doubt about 0 , but B is very pale — neither 
red nor blue — a pale yellow, as well as my eye and apparatus as yet can determhu!. This may 
account for die blue-green colour in smaller instruments? B and c were b(iautifully clear, round, 
and sharp ; indeed 1 was quite surprised with the perfection of definitio]!. Powers 500 and 850. 

On the 6 th (October) at midnight, after beuig engaged with visitcu’s for two hours, 1 turncnl 
the instrument on Jupiter to semtinize the details of‘ tlie belts, and immediately perceived two 
nearly equal, well-defined, white blight spots, followed by some irregulu]’, minute white maiidngs 
which defied my eye and instrument. At 1 , I could no longer perceive them. I have again seen 
tliem, but too uniavourably to judge of any change. Powers used, 240 to 350. I shall not fail to 
watcli them on every promising occasion. 

The two huger spots were beautilully defined, and seemed about the same proportion, relative 
to size, as the disc of the first satellite. What is known of these spots? Can they bo the icc and 
snow seen through openings in their clouds? 

To this letter the scientific Baronet appended an illustrative pon-and-ink 
sketch of the surface of Jupiter, with the fijst satellite outside Ihc disc as a scale, 
of which the folloAving is a pretty faithful fac-similo : — 
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A littl© time before tMs, Mr. Dawes had been observing these maculae, 
and had also clearly made out five of them, as in the preceding diagram ; on the 
31st of October, he communicated the description and views which appear in 
the Astronomical Society’s Monthly Notices (vol. xviii. pp. 6—8) ; which 
account was followed by further observations and drawings on the 10th of 
December. To these the reader is referred for the amount of information we 
are as yet in possession of, respecting these curious indications. My own 
hours were pre- occupied, insomuch that, though imbued with its physical 
import, I could only afford a very casual attention to the subject ; but by 
pointing the telescope upon Jupiter, two or tlnee times a gleamy mottled 
whiteness was caught on the equatorial belt. On the fine evening of the 
4th of December, I saw a bright round spot on the planet’s southern bolt, 
under a magnifying power of 416 ; it was well defined, and so distinct that it 
had the semblance of a satellite transiting the disc. Ilowcver, on lowering 
the power to 66, I found that all the satellites wore outside the planet. . Mi*. 
Dawes appended a note of this observation to his above-cited letter. 

A word more before quitting Jupiter. A very important suggestion has 
been thrown out by Sir John Herschcl, which should bo borne in view by 
those amateurs who would spend their time advantageously in determining 
the comparative intensities of light in the stars, so as by-and-hy to enable us 
to obtain a better rating of their magnitudes — a most desirable end. Dor the ad- 
vancement of such a purpose. Sir John recommends this magnificent body as 
a photometric standard of comparison “ Such a standard (he says,) is oflbred 
by the planet Jupiter, which being much brighter than any star, subject to 
no phases, and variable in light only by the variation of its distance from 
the sun, and which moreover comes in succession above the horizon at a 
convenient altitude, simultaneously with all the fixed stars, and in the absence 
of the moon, twilight, and other disturbing causes (which fatally affect all 
observations of this nature), combines all the requisite conditions.” Let our 
numerical valuers, sequence framers, and photometric star-meters look to this ! 
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The Satellites oe Jhpiteh (Cycle, I. page 176 to 176). In speaking of 
the visibility of these objects, I mentioned my want of success in gazing for 
them in the year 1814, with the unassisted eye, at the Casa Inglese, on the 
foot of the cone of Mount Etna, the door of which casa I ascertained to be 
9,592 feet above the sea at Catania. I have now to add my son’s trial of 
naked eye observations made on the Peak of Teneriffe, during his “Astro- 
nomical Experiment” in 1866. His two stations — de los Ingleses— 
were respectively settled by him as being severally 8,903 and 9,710 feet in 
height : “ the stars shone brilliantly as seen from G-uajara, and caused the 
dome of the skies to appear resplendent with glory ; the Milky Way was a 
magnificent feature in its scenery, and the zodiacal light towards morning 
was stm more remarkable. Jupiter also was surpassingly brilUant when high 
in the heavens after midnight; but I could never see his satellites with the 
naked eye, not even when eclipsing the planet behind a distant lava ridge. 

Satubn (Cycle, I. pages 185 — 202). In opening tho accoimt of Saturn, 
and mentioning the dislike with which ho was regarded by the ancients, it 
ought also to have been said, that all duo attention had been paid to his march : 
and an observation of his being two digits below the star in Virgo’s southern 
wing (7 Vi/rgmis), in March 228 B.o. is preserved in Ptolemy’s Almagest. 
Since the volume above cited was printed, the enormous globe — the wondrous 
rings— and the attendant moons of the “plumbeous” planet have undergone 
an unusually rigid telescopic overhaul; by which Messrs. Struve, Dawes, 
Bond, Main, de Vico, Secchi, Lassell, Schmidt, and others, have brought 
various most interesting facts to light, notwithstanding its immense distance. 

lu examining the shape of the body, the parallelo-grammatic distortion 
assigned to it by the Herschels, and countenanced in a measure by Struve, is 
now imputed to some optical delusion, for the figure, according to the accurate 
micrometic measures of Professor Bessel and the Bev. Bobert Main, at 
KSnisberg and Greenwich, is proved to be all but a perfect ellipse, the equa- 
torial diameter being to the polar as 1000 to 903. Again, astronomers have 

L 2 
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evinced great solicitude for the Saturnians, regarding tlieir dismally long win- 
teis. Sir John Herschel, in' his second edition of Outlines of A-stvonoiuy ^ ob- 
served, relative to the ring, " in the regions beneath the dark side, a solai* eclipse 
of fifteen years’ duration under their shadows must afford (to oui* ideas) an inhos- 
pitable asylum to animated beings, ill compensated by the faint hght of the 
satellites ; but we shall do wrong to judge of the fitness or unfitness of their 
condition from what we see around us, when perhaps the very comliinations 
which convey to our minds only images of horror, may be in reality theatres 
of the most striking displays of bcneiicent contrivance.” This subject has 
been thoroughly ransacked by the late Dr. Dionysius Lardner, in a very elabo- 
rate essay which was read to the Astronomical Society in March 1853, and is 
published in the twenty-second volume of their Memoirs (pp. 40-102) ; in which 
he shews the effect of situation on tlie surface of the planet in modifying the 
phenomena presented by the rings. The results of the doctor’s investigation do 
not confirm the neaily general opinion, that the rings liold an almost invariable 
position among the stars ; and that consequently the long and dreary fifteen 
years of solar eclipse adranced, must be impossible. 

The elder Hersobel was the first to notice that the shading of the inner 
rmg was not uniform, but gradually became dai-ker towards the interior edge, 
giving the ring a convex appearance. In 1861 Dawes perceived a streakinm 
in the shading off, givmg the semblance of a series of narrow, concentric 
bands, looking like stops Mng down to the black chasm between the ring 
and the ball. Dour such divisions were distinctly made out, and the impression 
he receivod was that they were separate rings, but too close together for the 
interstices to be seen as black lines. 

Among the marvellous telescopic revealments of late years, is the disoovoi'y 
of the inner slate-coloured annulosity between the ball of Saturn and the bright 
rmg, by Mr. Bond of the Cambridge Observatory in America, on the 11th of 
November, 1860. This being notified to me, I placed the document before the 
Royal Astronomical Society, where it was read on the IStlr of December, 1800, 
and thus entered in their Monthly Notices (vol. xi. p. 20) 
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Wc bcjlicvG that no iiiCormation lias been received direcLly Lroin Mr. Bond, but. Baptain 
Smyth has had a letter from the Hon. Edwoi'd Everett (dated 2Gth November last) ii'oin 'wlileh the 
following extract is taken : — 

“ Mr. Bond bus lately announced the discovery of a third ring ol Saturn, interior to the othci 
rings. This is not to bo confounded with Struve’s supposed resolution of the other rings, 
which Mr. Bond’s observations do not confirm. The now ring is believed by Mr. Lonil to 
be tliicker than the other rings. Before ho had ascertained its existence as a separate body, and 
while he thought it was a part of the inner one of the hitherto known rings, he supposed that the 
thickness of the latter was not uniform, but that it iucrejiseil towards the planet, lliis appearance 
he now rcfci’s to the greater thiekuoss of the edge of the newly discovered ring. Ho is entirely 
confident of the reality of the discovery; and, such are Mr. B.’s accuracy and caution, that I think 
it may fully be depended upon. Ho will before long communicate to the American Academy a 
full account of it.” 

This aTmoinicement excited great attention in Ainci'ica, and the appearanct'. 
of mcreasing hreadtli of the new dark ring brought Mr. Bond to tho conclusion 
that it cannot he of a solid consistency. Extending this conviction, Jio con- 
sidered the discrepancies so often occurring, as to tho visibility or othcrwis(3 
in the annular divisions, which could not result from sui’faco asperities, or 
coher.enoe, and at once declared hunsclf satisfiod that tho observed changes in 
form and position were in obedience to tho laws of equilibrium appertaining 
to floating bodies. In this he was powerfully followed by Professor Pierce,* 
who demonstrated, from purely mechanical considerations, tlio possibility of 
the rings being streams of fluid, somewhat denser than water, flowing rountl 
tho planet, and that the sustaining power for the support of these wondrous 
appendages exists in the satellites eoslierior to the ring system. Bo this as it 
may, there are those who apprehend tliat if the said system does not exist, as 
hath boon supposed, in a state of stable equipoise, we may expect sooner or 
later to see the rings unite with the body of the planet. 

We are, however, ahead of onr story! Without being aware of the 
American observations, on the 26th of tliat same month of November, Mr. 


* I had the pleasure of proposing this able geometer in 1852 for a Ibreign membership of the Iloynl Society } 
and ho was tlie first United-Statesman thus honoured; for Franklin was horn a British subject, and was a 
regular F.ll S,, having been eleulcd into that body in April 175G. 
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Dawes was astonislied on finding this same unexampled phenomenon. He 
immediately made a diagram of it in Ms journal, wliioh drawing he soon 
afterwards brought to my house in London to inform me of the curious 
incident; wherefore I feel perfectly intimate with its independent English 
discovery. On the 3rd of December he shewed it to his friend Mr. Lassell, then 
on a visit to him at Wateringbury, and who was thereupon convinced of the 
existence of a new and dusky ring next to the body of Saturn. The further 
interesting researches of Mr. Dawes on this alluring topic, on the years 1861 
and 1862, are detailed in- the publications of the E/oyal Astronomical Society. 
This truly-zealous observer suggests, as worthy of consideration, whether the 
fact of the recent emergence of the southern side of the ring, after a total 
absence of sunshine for fifteen years from it, may not have had some cifect in 
rendering the novel feature visible : and he conjectures, with Professor Pierce 
and Mr. Bond, that the semi-transparency of the marvellous am*eole is due to 
its being composed of water, or some similar fluid. Time and ulterior means 
will probably yield satisfactory explanations ; but meanwhile it is clear that 
we have an additional Saturnian hoop revealed to us, apparently consisting of 
matter which reflects light much more imperfectly than the planet, or the 
older known rings ; and, what is stUl more extraordinary, transparent to such 
a degree, that the body of the ball can be seen through it. So obvious an 
evidence of physical action occupied a considerable share of my attention, but 
with hltle other result than exciting my wonderment. With the Hartwell 
equatorial the stranger has a very crapo-Kke aspect, and, from its inferiority 
in brightness to the other i^ngs, it resembles a bevelled or chamfered con- 
tinuation of the series, for I could not define the black interval revealed by the 
gigantic refractors at Washington and Pulkowa. Eor the fullest details and 
measurements of the ball and rings of tMs most puzzling system — this living 
evidence of cosmogonic power— I must recommend the Uranian reader to the 
Annals of the Astronomical Observatory of Harvard College (vol. ii. part i.) 

The following is an accurate representation of the Saturnian disc and 
hoops, as seen by Mr. Warren de la Eue on the 27th and 29th of March, 1866, 
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with his Newtonian reflector of 13 inches aperture. He obligingly presented 
me with the original beautiful drawing by himself, from which this exact 
xylographic engraving was cut by Mr. Thomas Cobb ; 



But hold! Is the unique phenomenon herewith shewn, really and 
altogether a new discovery, or a restoration ? Bor it seems, that, so far back 
as the Newtonian days, Hadley bad remarked " that the dusky line which, in 
1720, he observed to accompany the inner edge of the ring across the disc, 
continues close to the same, though the breadth of the ellipse is considerably 
increased since that time. On the other hand, neither Herschel 1. nor Schroetor 
produce any evidence of the dusky appendage having been discerned, although 
both those acute observers made remarks on the blackness of the intervening 
space ; nor does a suspicion of its existence seem to have struck the elder 
Struve, when he made his admirable measures of this planet in 1826.* How 
such men, armed with such powerful instruments, watched Saturn closely 


* Yet Bclilller has been impressed into the service, being supposed, among the objects that he describes, to 
allude to it as that which lies before all eyes, surrounds it for ever, but is seen of none 

“ Das alien vor Augen 

Liegt, euch ewig umgibt, aber von Iveinem gesehn. 
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Without suspecting the dark ring’s existence, is really a matter of marvel, 
unless it is allowed to intimate a periodical visibility. 

At length a shade of revoalment on this point came to hand, for my worthy 
correspondent, Padre Secchi, was assured that the penumbra .inside the ring, 
as well as its projection across the hall, had been remarked at Eomo ever 
since the year 1828 ; yet without any further attempt being then made to 
ascertain its nature. In June 1838, the dusky appearance was distinctly 
perceived and duly reported by Dr. Galle at BerUn. Still this attracted little 
attention : indeed, though actually seen, its composition was not comprehended, 
nor was the wonderful appendage even recognized as a ring. But in the 
following summer he again caught sight of it, measured its breadth as 2 125", 
and made drawings thereof. Ho now described it as a gradual shadiug off of 
the inner ling towards the surface of the planet, as if the solid matter'' of the 
ring were continued beyond the limits of its illuminated part-this extension 
of the- surface being rendered visible by the emission of a very feeble light, 
such as would attend a penumbra upon it. Also in 1839, M. Madler remarked 
on the constancy of the equatorial belt; and that the dark zone attached to 
the ring was due to the attraction of the ring upon the waters and atmosphere 
of the planet, giving both observation and theory. 


In rS the SaietUtes of Satm'n. Shortly after my account of those bodies 
was publislied in the Cycle, (vol. I. pages 107—202), I received a letter from 
Sir John Hcrschol, dated from CoUingwood, November 29th, 1846, from which 
the foUowmg extract, pointing out a curious relation between the periods of 
the four mtenor satelUtes— was communicated by me to tiie Boyal Astro- 
nomical Society’s Meeting, on the 12th of the following December 

Being on the subject of tlie satollitee of Saturn, I wiU menlion hero a singularity which 
Aough obvreus enough, has not (so far as I am aware) been noticed before, vis. th^the periocUc 
meo lio fii« satoUito (first m order fi-om the ring) is prWy half that of the durd.Ld the 
Venodio time of the second half that of the feurdr. This is far too remarkable and close a 

^ the first (a law so out of the way and tmfikely) would of itself be evidence of its real 
emstenee, even bad rt not been (as it now certainly Iras been) re-observed. If such atom pluA 
one anotbers motmus. d.ere must be some very odd secular equations arising from dus 
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It ia not worth while to make a formal communication of such a thing to the Astronomical Society; 
but if you think it worth your verbal mention at the meeting, it may bo interesting to those (if any) 
who arc busy about satellitary pciiiurbations.” 

In Vol. I. of the Cycle, page 201, I remarked that confusion had arisen 
from the indefinite nomenclature of these satellites, whether according to the 
thoir order of discovery, or their order of distance ; for these two jnothods could 
not he brought to coincide. Since that time Sir John Herschel has proposed 
some well-devised mythological designations for them, beginning with that 
neai’est to the* planet, and finishing with the exterior one; and their adoption , 
though somewhat of a tax upon memory, will necessarily correct the disorder. 
But the proposition must be given in bis own words : — 


111 tlic nomenclature above used tbe satellites reckon outwards from bbc centre, hovcii in 
iinin])er; but as tliis practice is even yet not become general among astronomers, and as 1 have 
(build the equivoque practically annoying, and a source of frequent can’or and mistake, T bavo used, 
for my own convenience, and shall continue to do so in what follows, a mythological nomenclature, 
which however I do not presume to recommend to the adoption of others, though T am persuaded 
that some nomenclature other tlian the equivocal one now in actual use will be found necessary by 
all who observe tlicsc bodies. The names I have followed are as follows: — for 


The exterior satellite, discovered by Cassini .... Japetus. 

The bright satellite discovered by Huyghciis .... Titan. 

Tlie exterior of tlic three satellites discovered by Cassini . . Rhea. 

The intermediate of these tlurcc discovered by Cussini . . Dioue. 

Tlio interior of them discovered by Cassini . . . • • Tetbys. 

The exterior of the two discovered by Sir W. Iloi’schel . . ^ Enc.cladus. 

The interior, and smallest of fdl ...... Mimas. 


As Saturn devoured his children, Iris family could not be assembled round liim, so tliat tlie 
choice lay among his brothers and sisters, the Titans and Titanesscs (vide Lcmprierc.) The name 
Japetus seemed indicated by the obscurity and remoteness of the exterior sate.llite, Titan by the 
supciuoi* size of the JHuyghenian, while the three lemale appellatives class together th(' three inter- 
mediate Cassinian satelhtes. The minute interior ones seemed appropriately characterised by u 
return to male appellatives, chosen from a younger and inferior, though BtiU superhuman, brood. 
Should an eighth satellite exist, the confusion of the old nomenclature will become quite intolerable. 
1 am not aware that a distant satellite of J upiter (analogous to Japetus and our moon) lias ever 
been looked for, — would it not be worth a search? 
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The seventh sateUitej Mimas, has been deemed the exjperimentuni crucis 
of performance in the largest telescopes, and few were the eyes that had 
perceived it even with them ; and I must own that all my endeavours to make 
a personal acquaintauce have been repulsed, with perhaps the exception of 
the instance stated in the Cycle, page 202. Here astronomers had rested for 
sixty years, when the eighth satellite, which had indeed loomed to the almost 
prophetic mind of Herschel, started into view : for though Saturn was already 
the most richly furnished of any of the known planetary systems, there was 
this other moon detected on the 19th of September, 1848. Now -what rendered 
such discovery stiU more impressive, is the siugular fact that Mr. William 
Cranch Bond in. America, and Mr. Lassell in England,* both became aware 
of its existence and* character nearly at the same time. Lassell’s report, with his 
suggestion to name the stranger Hyperion, was placed before the Hoyal Astro- 
nomical Society previous to any information having been received from Pro- 
fessor Bond (see the Monthly Notices, viii. p. 196). On the 10th of November 
of the same year, I happened to be in the chair of that society when Mi*. Bond’s 
welcome announcement was made; and I communicated orally some further 
details on the subject which I had received from my intelligent and valuable 
correspondent, the Hon. E. Everett, as evidenced by the following extract, 
forming a striking incident in the history of the advent : — 

What a singular coincidence that a discoYery so nearly simultaneous should have been made 
of the new satellite of Saturn at Cambridge (in America) and at Liverpool ! In a short paper that 
I read to tlie American Academy, announcing the discovery (before we had heard from Mr. Lassell) 
I proposed to call it Prometheus, Hesperus, or Hyperion, all names from the family of Saturn. 
Mr. Lassell, in a letter to Mr. Bond, written before the news of the discovery at Cambridge had 
reached Liverpool, proposed Hyperion. The American Academy referred the subject of a name 
to a committee, and the committee left it to Mr. Bond, who, us the first discoverer, scomed best 
entitled lo give the name. He decided for Hyperion. 


* Of course this interesting discovery being made in Mr. Lasseirs observatory, -with a telescope moreover of his 
own making, he is entitled to a full recognition ; but it ought to be added that his friend Mr. Dawes was in the 
observatory with him at the time, and suggested the method by which the stranger was proved to be a satellite in 
the short space of two hours and a half. This was by calculating the hourly motion of Saturn, and applying the 
micrometer, instead of mapping and diogi'amming the positions of the objects for comparison on the next fine night. 
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Tlie elements of this new body have not been accurately ascertained as yet ; 
though we accept, as being near the mark, that its distance from the parent- 
planet is about 940,000 miles, and its period for passing around that primary 
may be estimated at 21 days 4 hours and 20 minutes, in an orbit more 

eccentric than is the case of any other satellite.* 

Ueantjs (Cycle, I. page 202). I stated that this planet was, of g> 11 those yei 
hiown, the most remote from the sun, so that its orbit consequently embraces 
those of all the others. This supremacy, of which it had so recently deprived 
the long invested and mighty Saturn, endured but for a short time ; for since 
I made that remark, the wondrous introduction of Neptune has for ever 
placed a stopper on the usurper, increasing our boundary to an extent 
which would have surprised those who demonstrated that Saturn’s rings, satellites, 
and size, palpably equipped him for the outpost sentinel of our spheres. 

After what was advanced under ^ Capricorni (Cycle, I. page 470), 
and having been assured by the best possible authority that “they are 
the devil’s own objects to observe,” I no longer sought a familiarity 
with the satellites of Uranus ; but, the planet becoming importantly interesting 
from the theoretical researches of Ue Yerrier and Adams, and its position 
since then having annually improved in locg,tion for observers, I several times 
took advantage of a lucid and diaphanous sky to scrutinize his body. My 
hope was, by raismg the planet’s spurious disc as high as it would bear a 
sharp margin, to ascertain whether I could detect any oblateness, or ollipticity , 
in its form; but under every management it always appeared circular. Larger 
instruments have been apphed to the same object, without gaining any direct 
evidence of an appreciable difference in the polar and cquatoreal diameters, 


* On quitting Hyperion, I ought to add another extract from Mr. Everett’s letter, for its ingenuous warmth : 
“ I wish you would procure for Mr. Bond senior (William Cranoh Bond), the honour ol au election to the Iloyal 
Astronomical Society. He is an observing aatronoiner of the highest order, accui’atc, untiring, possessed of mar- 
vellous optical quickness and tact, and modest to a fault.” I am happy to say that Mr. Bond was unanimously 
elected an Associate of the Society on the following 12th of January, 1849. He died on the 20th of January 
1859. The vacancy thus made was Gllcd by the election of his distinguished son, Mr. George P. Bond. 

M. 2 
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SO that both Otto Struve and Lassell pronounce Uranus to be round. This, 
however, from obvious causes, is as yet problematical ; though, from the im- 
proved means in the hands of observers, there are strong reasons to hope 
that all doubts will be cleared off ere long. 


Satellites or Uuanijs. Perseverance and measures of the highest order 
have been devoted to these minute yet very suggestive bodies, since my 
account was printed (Cycle, I. pages 207-210). In that brief smnmary I 
tabulated the periodic times of the second and fourth satellites, as deduced 
from the obserrations of the two Herschels and Lamont ; but a new master- 
mind subsequently discussed the affair, find the numbers now stand thus : - 


Second Satellite. 


Period, according to Sir Hersclicl*s later observations 
Sir John Hcrsclicl, by a compai-ison of his own obseiwations 
with his lather’s • • . . . 

Dr. Lamont, horn measures takeii at the Munich Observatory 
Mr. Adams from the combination of all the observations 
between 1787 and 1848 • . . . 

Pourth Satellite. 

Period, according to Sir W. Hcrschel’s latest calculation 
Sir John Herschcl, by a comparison of observations between 
1787 and 1832 ...... 

Pr, Lamont, from Munich observations 

Mr. Adams, fi-om the whole series of observations 


1). 

II. 

M. 

s. 

8 

16 

56 

6-2 

8 

16 

66 

31 -.3 

8 

16 

66 

28’55 

8 

16 

56 

24-88 


13 

11 

8 

590 

13 

11 

7 

12-6 

13 

11 

7 

5-92 

13 

11 

6 

55-21 


A coMiderable degree of unoertamty stiU obtains, regarding those satellites 
which Sir WiiHam Hersohel disoorered at a later period than the above two. 
The more recent observations by Mr. Lassell at Liverpool, and Otto Struve at 
Pulkowa, have decided the existence of at least two moons within the orbit of 
Hersobd’s second, or the closest of the brighter ones. Struve aeaTna to have 
detected a third satellite, perhaps the interior one of the elder Hersohel; and 
Lassell also observed another, which was presumed to be the one brought 
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forward by Struve; but this, agreeably to the computations of the Rev. W. 
Tt. Dawes, could not be the case, since Lassell*s object would seem to have 
a periodic time of 2*^ 2^ 39“ 36®, while the observations ol Struve can only 
be satisfied by a period of 3*^ 22*' 8‘“ 36®. This was about all we knew with 
respect to those matters in the beginning of 1848; and on the lltli ol January, 
1863, Mr. liassell wrote from Valetta, in Malta — where ho had established his 
20-foot equatoreal telescope — as follows : — 

Surveyed Uranus with (^powsv'^ 1018 under a (Inc sky and adinirahlo dciniitioii, tlio disc 
appearing perfectly round, and having a remarkably hard and sharp edge. On this oecasion, as 
well as many others, wliioh I Jiavc not thought it necessary to parLicularisc, 1 carcdully seiutinized 
the neighbourhood ol the planet to the distance oi 5^ (roin his centre, lor the discovtay ol othei 
satellites. In blie course of this scruthiy I made many lucaBurements and diagrams of tlui positions 
of small points of light, which all turned out to bo stars; and 1 ciuiiiot now resist the conviction, 
amoimting indeed, in my own mind to certainty, that Uranus has no other satellites visible with my 
eye and optical means. In other woids, X (iiyi fully pevsudded tkcit dtJiQT ]i<x8 no olhcv scilclltlon 
than time four’, or, if he has, they remain yet to he discovered. 

Notwithstanding this declaration, the question is far from being settled, 
and the result of the discussion seems to be that, at present at least, the periods 
and distances of four satellites are known with tolerable accuracy; and tliat, 
though several others undoubtedly exist, yet wo require more definite informa- 
tion about them. Hence while some, in full relianco on the elder Ilersclicl, 
and Imowing the intricacy of the discordances, reckon eight of these followers 
to Uranus, astronomers in general restrict themselves to four only, whicli arc 
l)y some considered to be mythologically designated after members of his family. 
But surely the names claim a more fanciful pedigree in fairy-land ; nor is it 
possible to confpund Shakespeare’s elegantly beautiful Titania with the coarse 
Titana, nurse of the OvpavtBat :—a> wench who coolly countenanced bloody 
sacrifices and aU sorts of child-murder, could never have danced, and sung, and 
sentimentalized as the gay Queen of the Dairies was wont to do. 

The following are the approximate elements of the several satellitary orbits, 
the distances being expressed in equatoreal radii of their primary; and the 
periods of their revolution are given in mean solar days ; — 
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No. 

Name. 

Sideroal Revolution. 

Moan (liatanco. 



d 

h 

m 

s 


T 

Ariel. 

2 

12 

29 

20 G6 

7*40 

U. 

Umbriel. 

4 

8 

28 

8 00 

10.31 

ni. 

Titania. 

8 

16 

56 

81*80 

16*92 

IV. 

Oberon. 

13 

11 

7 

12*60 

22*56 


Neptune. Since the publication of my Cycle of Celestial Objects, human 
iutelligence has made one of the most magnificent discoveries that ever rewarded 
astronomical study, by adding an important link to our system, containing 
an amount of matter sufficient to form more than one hundred such worlds as 
ours. It is iudeed a truly glorious developement : and when the grand result 
of hold analytical theorising Irom mysterious effects had led Eeason to the 
exact position of an unknown attracting body, and to trace out its elements, 
the most enthusiastic admiration of the two great geometers, Le Verrior and 
Adams, was fully awakened throughout the civilised world. It was a triumi)h 
of intellect to which nothing in modern times can be compared, and it stamps 
an era which must for ever he memorable in the history of physical investi- 
gation : an exploit equally signal and edifying. , 

Erom causes pretty obvious, this advent was followed by feelings which 
in some quarters descended to misrepresentations, and perversion of facts ; 
and, as circumstances placed me in contact with some of the consequent pro- 
ceedings, I was much appealed to. Wishing therefore to give a general view 
of this deeply interesting incident to those officers who might have possessed 
themselves of the Cycle, I sent a somewhat detailed account to our professional 
periodical, the United Service Journal, in May, 1847. This was written off 
at the moment with all the impressions fresh, and was soon afterwards slightly 
enlarged and amended for private distribution. As a trusty friend thinks 
that the said hTochv/re ought now to appear in the present volume, because 
copies of it are adrift, I have consented to reprint it in the Appendix. This leaves 
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me at liberty here to begin, at once with the elements of the newly-recog- 
nized Neptune, as computed by Professor Kowalski — with several recent cor- 
rections — for the epoch 1860, January 1*0 Berlin mean time: — 


Mean sidereal revolution (164*595 years) solar days . 

60119'40 

Mean synodical revolution, solar days .... 

367*49 

Mean longitude 

334*^ 36' 29*0" 

Mean orbital motion in a solar day .... 

21*55707" 

Ditto per annum 

2° 11' 13*86" 

Longitude of perihelion .....* 

50° 16' 39*1" 

Inclination of orbit to plane of ecliptic .... 

1° 47' 0*9" 

Longitude of ascending node 

130° 7' 45*3" 

Eccentricity of orbit, half major axis as unity 

0*0091740 

Greatest equation of centre ...... 

1° 3' 5" 

Mean apparent diameter (37,646 miles) about 

2*713" 

True diameter, earth as unity . ... 

4*758 

Moss, sun as unity (rT-TTj) 

0*00005836 

Mass, earth as unity 

20*72 

Volume, earth as unity 

107*7 

Density, sun as unity 

0*763555 

Density earth as unity 

0*1924 

Mean distance (2,862,175,000 miles) that of earth as unity 

30*033861 

Hourly motion in orbit, in miles 

12464 

Proportion of light and lieat from sun, earth as unity 

0*0011086 

Mean arc of retrogradation ..... 

2° 50' 

Duration of retrograde motion, in days .... 

159 

Apparent diameter of sun as soon from Neptune 

63*93" 

Greatest elongation of Uranus ..... 

39*8° 

Greatest elongation of Saturn 

18*5 

Greatest elongation of Jupiter 

10*0 

Greatest elongation of Mars ...... 

2*9 

Apparent diameter of Uranus in inferior conjunction 

7*07" 

Apparent diameter of Saturn in inferior conjunction 

7*91 

Apparent diameter of Jupiter in inferior conjunction 

7*95 

Apparent diameter of Mars in inferior conjunction 

0*55 

Such are the elliptical elements of a body which, at 

one swoop, extended 


our boundary from 1800 millions to nearly 3000 millions of miles from the 
sun; and, although this body obeys the mandates of solar attraction, yet, so 
vast is the distance, that it could not be drawn to the central body by the 
centripetal force in less than 13,632 days, or about 37 years, though falling 
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with a weight more than twenty times that of the earth. The terrestrial pound, 
from the greater size of the sphere, would weigh only 14oz. lOdr. on the surlace 
of Neptune, and for the same reason a heavy body would descend through 
14i’73 feet only in the first second of time. Relative to the brightness of 
his day, and the amount of solar heat which he receives, it is plain enough 
by rule that, being 30 times more distant fi'om the sun than the earth is, ho 
receives only a 900th portion of the light and heat which we enjoy ; but this 
estimate rests on the supposition that his atmosphere resembles om'S, that the 
solar light is received under like physical conditions, and that it acts upon 
visual organs of a similar structure with burs; which assumptions are by no 
means unquestionable. Were a well-adjusted railroad established between the 
sun and Neptune, an express train averaging 36 miles per hour, without stop- 
pages night or day, would be 9,329 years on the journey between those 
celestial orbs : but that subtile agent, light, which we know moves with 
a velocity that could carry it eight times round our globe during one boat 
of a pendulum, would be able to perform tlie feat of arriving at our present 
outpost in 4<h. 9m. 12s. 

Here then is Neptune, our hitherto unknown companion, rolling on in 
ceaseless majesty, and describing a grand orbit, which beyond doubt is stable, not- 
withstanding some apparent anomalies. It may have revolutionary inequalities 
of very long duration from reciprocal attraction; and Mr. Adams, with un- 
tirhig energy, has already computed that Neptune produces a periodical 
perturbation in the motion of Uranus, the circuit of which is 6,800 years. 

A satellite of Neptune was discovered by Mr. Lassell, at the Starfield 
Observatory, in October 1846, and the following are its details : 


Sidereal Tcvolntion tiround its priinaiy 
Apparent semi-axis major of orbit 
Actual mean distance from Neptune in miles 
Inclination of orbit to eoHptic about 
Apparent magnitude as seen from the, earth 


5d 21h 3in. 

16-98" 

235,800. 

29°. 

14th. 


The appearance of this planet is that of a' sta^r of the 7th or 8th magni- 
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ludo, and in the HaitweU tdeaoope it is a weU-deflned oironlar body, with a 
steady pale greyish tint; hut I certainly did not folly appreciate the ^deur 
of this XTlivma Thule until I saw both him and his satellite in Mr. Lassdl’s 
gigantic equatoreal at Liverpool, on a beautiful nigbt in September 1866; I 
was then indeed awed, for the object was grave and suggestive I 

Here, by the vouchsafed powers of mind and hand, a world unthought of from 
the Creation down to our day was before me— yet one which had traced its orbit 
for an infinity of ages, as a component body of our system. The sight recalled 
\ oung s vision of orb above orb and circle in circle without end 

Wliat involution 1 what extent ! what swarms 

Of worlds, that laugh at Earth I immensely great ! 

Immensely distant fiom each other’s spheres ! 

Wliat, then, the wondrous spocfi tlirough which they roll? 

At once it quite ingulfs all human thought; 

’Tis comprehension’s absolute defeat. 

Halley’s Comet (Cycle, I. page 213). I made mention of a Norman 
Chronicle wliich showed the right divine of William to invade England— 
“ how a star with three long tails appeared in the sky ; how the learned 
declared that such stars appeared only when a kingdom wanted a new king ; 
and how the said star was . called a Qomette'' Since that was published I 
have carefully tried back — upon intervals varying from 76 to 79 years as the 
duration of each revolution— to see what ancient notices of comets would fit 
the perihelion passages of Halley; and the result strongly indicates that the 
blazing star which alarmed Europe in 1066 was the one in question. As it 
arrived upon an important occasion, so it assumed an aspect which excited as- 
tonishment and dread, being equal to the full moon in magnitude, with a 
train, or bunch of tails, at first short, but which increased to a wonderful 
length. The writers of the eleventh century bear full testimony to its splendour : 
and according to the evidence of the Bayeux Tapestry, embroidered by the 
English damsels of Queen Matilda, the Conqueror’s exemplary wife, it thus 
fixed the gaze of the doomed King Harold’s courtiers — 




N 
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This grotesque representation, executed in coarse needle-work, may be con- 
sidered a tolerably fair though very ugly likeness of Halley, at that appa- 
rition: and it is probably its earliest authentic portrait. The old Nuremberg 
Chronicle indeed exhibits (fol. clvii.) it for the year A.n. 684, but from what 
authority the staid xylographers of that recondite work took it, does not 
appear. Mr. Hind, in his descriptive treatise on Comets, gives the epoch of 
its perihelion passage as 684*80 ; and he says that, in the same year, “ Ma- 
tu-an-lin, the Chinese historian, makes mention of a comet which was ob- 
served iu the western heavens, in September and October. This agrees with 
the course of Halley’s, because its perihelion passage fell about the middle 


Halley’s comet in a.e. 684^. 
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<)i‘ tliii latter month, and, as the interval would agree well, we may infer 
that there is a fair probability of their identity.” According to the Nui'em- 
herg sages, this advent portended as great misery as three successive months 
of heavy rain, thunder, and lightning could bring— such a destructive ele- 
mental scourge, indeed, as was never before known in Rome or Italy. The 
following is a fac-simile of the effigies there given of it: — 



Comet, OF 1680 (Cycle, I. pages 224 and 227). The periodic time of 
only 575 years, assigned by Halley to this body, requires revision, since Encke 
Sind other computers with increased experience, deriving that element from 
the excentricity and the perihelion distance, are iaclined to extend it to 806, 
if not to 8800, years. Halley’s short period therefore would allow. of an aphe- 
lion distance only one-fifth of that deduced by Encke. 

Comet op 1811 (Cycle, I. pages 218-219). This grand body, with its enor- 
mously bulky head, has been much discussed since the apparition of Donati’s 
beautiful stranger of 1868, as to the respective splendour of the two. Indeed 
I was so frequently appealed to about them, that I wrote to Mr. Crant, the 
Editor of the Royal Astronomical Society’s Monthly Notices, and will here 
extract the passage from the xixth volume of that work (pages 27 and 28) : 

In ve the magnificent comet, — I have been closely attending to its fine figure, and am asked 
on various sides, as I had the advantage of having minutely watched both, whicli I thought the 
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most splendid in appearance, tliis or tliat of 1811? Now, to my memory, which is very distinct, 
the palm must be given to the latter. As a mere sight object, the branched tail was of greater 
interest, the nucleus with its “ head veil” was more distinct, and its circumpolarity was a Ibrtunate 
incident for gazers. But, recollect, that in these remarks I mean nothing disrespect (ul to the 
Donati. On the contrary, with those exceptions, it is one of the most beautiful objects 1 have ever 
seen in the heavens. The head is certainly not so fully pronounced as in that of 1811, but greatly 
is its physical interest increased by segments of light and a dark hollow, giving the aspect a resem- 
blance to the gaslight called a bat’s wing. This dark line or space down the centre of the brilliant 
phenomenon, not only had the dheot tendency to atregthen the luminosity of the jots of light, in 
the manner observable in the burning of a wax taper, but also, on a fuller scrutiny of this singular 
characteristic, to recall its striking resemblance to the similar feature seen in water-spouts, and in 
the pillars raised in sand-storms which I have witnessed in North Africa. 

But, in order to sliow this matter more clearly, I have selected Jrom a 
publication of the day, the following view of Blaugergue’s comet as it appeared 
during the autumnal months of 1811, with a bifurcated and lengthy train, 
a view wliich really recalls it well to my recollection: — 



Comet of 1811. 


Yet this wandering body is calculated to recede from the suu to a distance 
fourteen times that of Neptune. Think ! 

Mr. Maclear, the indefatigable Cape astronomer, writes that he remembers 
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tlio comet of 1811, and considers that neither it, nor Donati’s, are comparable 
ill splendour to the great one which appeared in 1843 (see Cycle, I. page 247). 
iiiis assertion is also borne out by two paintings in my possession— night and 
(lay views of that glorious phenomenon — by my son Charles Piazzi Smyth. On 
these grounds then, added to its descriptions and measurements, with a tail 
of more than 60° in length, the great comet of 1843 must be rated the finest 
and most remarkable, as yet, of the present century, though my own expe- 
rience, from my being in English latitudes, was limited to perceiving with an 
opera-glass, a long and narrow, pale, luminous streak in the S-W. regions, between 
Orion and Lepus. It indicated, however, a tremendous comet ; and even imagi- 
nation is overpowered on recollecting that this wanderer, under the reins of 
gravitation, carried its perihelion approach to such unexampled proximity as 
to (h’ag its planetary nudeus to within 95,000 miles of the solar surface, which, 
says Horschel, exposed it to the .heat of 47,000 suns such as we experience 
the gonial Warmth of I The physics of these bodies are under strict and in- 
creasing sw'^eillmce: insomuch that more will no doubt be known by astro- 
nomers respecting this admirable comet, about four centuries hence, when he 
shall have completed the period of his revolution. 

The mediaeval writers generally describe comets as glaring with fearful 
and terrible aspects, significant of malignance: but had they seen Eonati last 
September and October, with its pure efflilgence and graceful ostrich-feather- 
liko inifoction of the tail, they must have pronounced a different sentence. 
Thoso of the present generation who gazed upon its beauties, which includes all 
but those who regard stiu:s as sheep do, are not likely to forget the magni- 
ficent spectacle exhibited to the naked eye between seven and eight o’clock 
on the evening of the 6th of October, when it glided majestically over Arc- 
turus, without dimming its brilliancy in the least, although its head was only 
about one-third of a degree from the star. The latter shone remarkably white 
during the appulse, especially at 7^ 16“, when it entered the central dark void 
of the comotary appendage — which was then flitting with unusual animation. 
The curvature of the tail, which might be estimated at about 24° in length. 
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appeared tlie more elegant from this incident, but it had indeed been equally 
so for several mornings and evenings to the unassisted eye, marked moreover 
with a peculiar brightness of feature on the convex side : and the application 
of a binocular opera-glass, ma,gnifying only three times, certainly represented 
the characteristics on the 30th of September, as engraved below . 



Donati’s Comet. 


At this time it was still about *70,000,000 of miles from us, and thcrorore 
its physical aspects were somewhat puzzling : but the astronomers on the planet 
Venns must have had a glorious view of this comet, since it passed them within a 
ninth part of the Earth’s mean distance from the sun, wherefore they had a narrow 
escape. Here the oscillatory motion of the nucleus—the hooded sectors and 
streams of light in rapid evolution— the cuspidated disks and aureoles -and 
the dark axial space down the envelope which so greatly perplexed our vision 
here, could be well examined there, unless terror scared observation away. 

Comet op long pehioi) (Cycle, I. page 248). Since I mentioned that 
the great comet of 1264 and 1556 should be looked for again, it has received 



SHOET-PEIllOD COMETS. 


m 


much attention from the cometary investigators; among whom Messrs. Hind 
and Bomme have particularly distinguished themselves. Some whd predictions 
gave as much alarm to the excitable Parisians, as Biola’s did in 1832 (Cycle, 
I. page 254), and the terrors of Charles V. scorned to he revived. Yet the 
alterations in the elements required to bring about a collision, are too large to 
be admissible, notwithstanding there is some degree of dubiousness in the 
determination of the orbit in 1666, deduced from observation only. Th(‘ 
chance of our being enveloped in the tail, or having it swoop over us, is of 
course greater. The time of its ro-appoarance, supposing the comets of 1666 
and 1264 to be identical, is doubtful between 1867 and 1861, owing to the 
impossibility of fixing the position of the perihelion and inclination of the orbit 
in 1666— from uncertainty in the data—within sufficiently narrow^ limits to allow 
of an exact computation of the planetary disturbances. 

Comets oe short period (Cycle, I. pages 249—266). Since the publi- 
cation of my former work, this branch of astronomy has been cultivated witli 
such attention, that instead of the three — Encko, Eayes and Biola, which 1 
therein recorded — the short-period comets are now increased to six, with a lair 
promise of more ; and they stand thus in order of discovery : — 


Namm. 

ApUnlion (liHt. 

Pariholion ditit. 

Period. 


Milob, 

Milos. 

Yoors. 


^90.010,000 

32,120,000 

3-296 

r>i(‘.la 

590,100,000 

81,000,000 

6-617 

Fiiyc 

505,200,000 

. 101,300,000 

7-440 

Do Vioo 

478,300,000 

. 113,300,000 

5-469 

Brorscin 

537,750,000 

61,950,000 

5-581 

D’Amsat . 

547,900,000 

. 111,900,000 

6-441 


There ar(^ six others that wore suspected of describing small elliptical 
orbits at the time they were discovered, but whose periods are not yet accu- 
rately ascertained: they are, one seen in 1743, Messier’s of 1766, Pigott’s of 
1783, Pen’s of 1819, Blanpain’s of 1819, and that of Peters in 1846. Thosc 
are mostly nebulous patches, which, but for their highly interesting physics, 
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would be barely worth looking at. Of these, Enoke may prove the most 
valuable (Cycle, I. pages 263 — 6 ; and Chapter IX. of this book), as being the 
first and probably the best for establishing the painful and humiliating fact of 
the existence of a resisting medium — an hypothesis involving the fin al destruc- 
tion of our whole system in the course of ages : but Biela * has kindled the 
greatest alarm (Cycle, I. pages 263 — 6), from its orbit nearly intersecting 
ours, especially at the nodal passage of 1832. I adverted to the prevalent 
consternation of that day, although perhaps there would have been but little 
danger to us in case of a collision, for it seems pretty certain that the earth 
would pass through the gaseous intruder like a cannon-ball through a fog- 
bank. Since my description, however, of this aU but invisible object, it 
exhibited a most astounding — ^because as yet unexplained — phenomenon during 
its apparition in 1846. On the night of the 13th January of that year, as 
Lieutenant Maury, of the Washington Observatory, was gazing at it, he perceived 
another small comet, one or two minutes to the north, and about the same 
distance to the west, nothing of which was visible on the 12th. This strange and 
unprecedented appearance was also detected in England by Professor OhaUis 
on the 16th of January : he informed me — as President of the Eoyal Astro- 
nomical Society — of the fact in a letter from the Cambridge Observatory, dated 
January 23rd, 1846, at 9^ p. m. — 

I liaeten to oomnaunicate to you a most extraordinary lact about Biela’s comet. On the 
evening of Jan. 16, when 1 first sat down to observe it, I said to my assistant, ‘ I see two comets.' 
However, on altering the focus of the eye-glass, and letting in a little illumination, the s mall er of 
the two comets appeared to resolve itself into a minute star with some haze about it. I observed 
the comet that evening but a short time, being in a hurry to proceed to observations of the new 
planet. Casualties and press of occupation prevented my observing the comet again till this 
evening. On first catching sight of it, I again saw two comets. Clouds immediately after came over 
and continued to obscure the comet for half an hour. My suspicions were roused. I searched to sec 
whether any nebula was near the comet’s place, but could find none in the catalogues. When the 


• No one valued poor Gambart — aa wall for his bon~hommie as for his talents — more than I did : but, though he 
independently discovered this comet at Marseilles on the 9th of March, 1826, Biela had caught it up at Josephstadt 
ten days sooner, namely on the 27th of February. Now aa both astronomers computed its orbital elements, and 
both recognised its periodicity, Arago’s illiberal complaint about the name must be allowed to evaporate. 
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clouds cleared oft, on resuming my observuLions, J suspected at iirst slglit that both comets liiid 
moved. This suspicion was abundantly confirmed by ulterior oliservulions. TLe two comets liave 
certainly moved in ecpial degree, retaining tlieir relative ])usitions. 1 compared both witli Tiazzi 
0.120, and tbe motion of cacli in 50™ was about 7“ in ill aiul 10^' in N.P.D. AVliat can ])e the 
meaning of this? Are tlicre two iudopendeiit comets? Or is it a comet ? Or does ray 

glass tell a false story ? I incline to tbe o])inion tluit this is a binary or double comet', on aeconnt 
of my suspicion on tfan. 15. But I never beard of sucli a tiling. Kepler supposed that a certain 
comet separated into two; and for tbis Pingre siiid of him, “ Albpuindo bonus doriniliit ITomerus ” 
I am anxious to know wbelber other observers have seen the same thing: in the mean while 1 
thought, with the evidence 1 have, I had better not delay giving you this infonnution. I will 
write again iinmcdiately that I am able to eoufinn this puzzling jiheuoiuenou. 

Being in Edinbiirgli when I received this ecnninmiietition- whither I had 
repaired to plant my son 0. P. Smyth on Carlton Hill — I showed it to my valued 
old friend Sir Thomas Brisbane, President of the Royal Society of that 
metropolis ; and, as' Wo went there together in tlie evening, the letter was 
read to tlic ineoting hy Professor James Eorhos, and oxeited great attention. 
Three days afterwards, Mr. Challis again addressed ino on this subject : — 

J bog lo lay l)olbro you the following luldiLional particnlars rcR])ccting the present (‘xtraordiiuir}'' 
appouraneo of Bicla’s eomet. '1'lu‘vc arc coi’l4iinly two conuds. The north in'i’c.eding is less Inight, 
and of less apparent diameter than the oilier, and, ns seen in the Northumlierlaud ti'lescojit', bus a 
minut(! stellar nucleus. I comiiarcd tlic two comets indepomlently wllli A. S. C, 51 on thi‘ evi'ning 
of Jun. 23 and rlan. 24, and obtuinoil the following jilaces:— 

Preceding Comet. 

Oroniwich iiu'iin tiiuo. Al of Ciimol. N. ?. 1). of Oomol. 

Jau. 23, 7 I' 8™ n'f)« .... 01* 25‘« 50'G8« .... 91° 9' 30-1" 

24, 7 1 19-2 .... 0 29 18'4() .... 91 14 35-2 

h’ollowiiig Comet (Biela’s). 

Jim. 23, 71 * 1™ 17-7» .... 01* 20™ O-SH” .... 91 11 31T) 

24, 7 2 58-5 .... 0 29 23'51 • ... 91 10 42-1 

By reducing the places of the following comet to the same epochs as those of the preceding 
eomet, 1 find: — 



Oro(‘iiwi(!li mean time. 

Diff. Al of the 
OomelH. 

of N.IM), 
of tho Comets. 


Jail. 23, 7 '^* 8'» 11 -9 . . 

5-18 

. . . 123-0" 


24, 7 1 19-2 . . 

51 1 

. . . . 126-6 

Jlenee 


Angle of Position. 

Distunou. 


Jau. 23 

.... 327° 43' , . . 

. . . . 145-4 


24 

.... 328 48 .. . 

1 — ■ 

oc 

6 


0 
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Tlic greater apparent distance between tbc comets on January 24, is partly accounted for by 
tbeir approaebing tbe Eartb. Tlic increment of apparent distance on tbis account in one day is 
1-6", supposing both comets to bo nearly at tlic same distance from tbc Eartb. I saw tbc comets 
again yesterday evening, but took no observations. The relative positions were apparently nnebanged. 

1 tbink it can scarcely be doubted from tbe above observations that tbc two comets arc not only 
apparently but really near cacb other, and that they are physically connected. Tbe smaller oik* 
when I saw it on January 15tb was faint, and might easily have been overlooked. Now it is a veny 
conspicuous object, and a telescope of very moderate power will readily exhibit the most singular 
celestial pbcnonicnon that has occurred for many years— a double comet. 

We were all, as it were, taken aback ; from wliat had hitherto been examined 
as a single body, thus seemingly disintegrating into two distinct systems, each 
with a nucleus and tail of its own. There could exist no doubt as to the 
reality of the phenomenon, as their distance increased at tlic rate of about 1' 
in arc per week, l^ut the evidence is not sufficient to explain how !Bicla 
divided into two parts, yet allied by some inscrutable bond— even to occasionally 
throwing slender gaseous arcs aoi'oss to each other j and alternating reciprocally 
in brightness, they continued their journey together through space for upwards 
of three months, before they receded out of sight. Erom those duplex nebu- 
losities appearing to he governed by some mysterious law, many have hold the 
separation to he owing to a repulsive force having overcome the central 
attraction of the mass. Here the energy of the electric in com])arison of the 
gravitating force, as exerted on matter of ec[ual inertise, is brought under sus- 
picion: this is treading on hot ashes,— but in August and September, 1852, 
they were seen again by several astronomers, after the completion of their usual 
orbit, still similarly situated relative to each other 1 Xet, alter all the various 
explanations and ‘‘ opinions quaint,” which have gone forth, the occmTcncc may 
only be owing to two distinct comets, one occulting the other, and, as tho nearest 
hove ahead of the outer one, a relative change of position and distance 
would take place: still the retrocession was not rapid enough to indicate 
much difference. There is now reason to think that, by l)oing better prepared for 
each peiiodic return, and from the zeal and ability of an increasing corps of 
observers— armed with improved means of observing, and a scmpulously exact 
method of registry — we shall learn something more about them, and thus extend 
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our critical insight into the nature and condition of those etliereal bodies, as well 
as of the regions through which they roam. 

A GLANCE AT TPIE SlDEltEAL HEAVENS. 

The ineehatig spheee (Cycle, I. page 207). Since that page appeared, 
tlie wonderful expanse between our solar system and the stellar regions has 
been probed with such skill and perseverance, that we now deem Parallax to 
have been finally detected in eight several outposts of the incomprehensible 
celestial boundary ; if that can bo termed boundary which has no limit but 
in the weakness of our faculties. 

In 1847, the elder Struve printed his Mades d'Asironomie Stellawe ibr 
distribution to his friends, among whom I had the honour of being included. In 
that interesting work, the able philosopher notices the speculations of Galileo, 
Kepler, Huyghens, Wright, Kant, Lambert, Michell, and Sir William Korschol, 
on the structure of the heavens and the distance of the stars, together with the 
applied labours of Argelander, Bessel, Mildler, Sir John llerachcl, and his zealous 
son Otto Struve. He tlusn proocodH to his own researches on the Milky Way, 
in wliich he determines the law of condonsnlion of the stars towards a principjil 
plane ; and he calls attention to the singular view taken by Dr. Olbors respecting 
the extinction of sidereal light in its passage through celestial space. But tin 
point to which we were chieHy drawn is the abstract of the then uiipiiblisliod 
but truly grand inquiry of Mr. Peters, ol' ilw PuJkowa Observatory, on stellar 
parallaxes. On this authority the mean distnneo of stars of the first magnitud(' 
may be estimated at 98(3,000 times the radius of the Earth’s orbit, or so remot(\ 
that their light only reaches us in l^ yeai's. 

In pressing the peruser to pause a little on the mighty abyss which scpai'ates 
our known system from the stars, it may be usorul to enter more into detail ; 
and, although the human imagination can but iaiutly grapple with the astound- 
ing figures of the theme without using colossal miits, wn wall have recourse to a 
scale of geographical miles, as more famihar to many readers than orbital radii. 
Quitting cannon-balls, then, and railway trains as “ slow coaches,” w^e must 

0 2 
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recur to %lit, rushing along at the wonderful rate of eleven or twelve millions 
of miles in every minute of time * Yet even this subtile element would 
require the number of years assigned below to traverse the several distanees 
there enumerated, and which are considered to be pretty well established 


Nonios. 

Millions of mil os 
dibtaui. 

Years. 

a Centauri 

21,508,000 

3-6 

G1 Cygiii 

55,983,500 

9-3 

. 12-4 

Wega 

74,632,000 

Sirius 

130,435,000 

. 21-7 

Polaris 

. 184,870,000 

. 30-7 

Capella 

. 425,980,000 

. 70-7 

9tli mag. stars 3,696,000,000 , 

. . 586‘0 

31 Messier 

260,870,000,000 

. 43,312*0 


A word upon this last instance, because, tremendous as its distance must 
be deemed, it is really but a stcx)ping-stone to other objects existing within the 
reach of our assisted vision, hut the light from which would require mor('i than 
a million of yeai-s to reach us. 31 Messier, liowovcr, is in every way of dccip 
importance to the sounding of space (Cycle, II. page 16), smee Sir William 
Herschel, after a rigid scrutiny, concluded it to he the least distant of all tlic 
great nehulso. By his elaborate gauges he considered its distance to bo about 
2,000 times that of Sirius, which was then held to ho tho nearest star to uk, 
and not as inserted on the previous table. Cassini assigned Sirius a parallax of 
G", and Lacaillo’s determination of 4'' was confirmed by Piazzi (Cycle, II. page 


* This ftBSnredly is swift enough for our pui-posc ; but Whealslonc shows Hull tho velocity ol electricity through 
a copper wire, exceeds that of light through space 1 The reason for our expressed contempt of that old exponent 
of swiftness tho cannon-baU will be palpable when wo slate, that, while light might fly to us from Neptune in very 
little more than four hours, a 32-pouud shot, driven by the old full-service charge of one third its weight in gooil 
powder, and going on at tlic initial velocity with which it quits the mouth of the gun, namely 1,500 feet per 

second, would require 320 years to perforin the same journey. 

Before quitting these long series of numbers, it may prove useful to amatcui’s to insert a warning, that billions 
among the continental nations are understood to contain three places of figures less than with us ; that w, our 
billion is the compact epithet for 1,000,000,000,000, or a luillion of millions, whereas on the continent the epithet 
is changed to billions at a thousand millions, thus, 1,000,000,000 is one billion. 
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102). But, sinco the opinions of Hcrscliel wore promulgated, the masterly 
observations of Henderson and Maclear, made under all the latest instrumental 
roiinonionts, have boomed off that bcantiftil star to a parallax of only O’ 23'', so 
tliat, instead of the nebula’s light requiring merely 6,000 years to arrive here as 
formerly advanced, it must take full 43,312. 

The vast intermediate gulfs — insensible to any gravitation, which separate 
our system from the stars, the stars from each other, and the clusters still more 
from the nebulae beyond them — are doubtlessly so placed by an Omniscient 
ordination, to maintain the stability of the whole. Yet no human mind can 
fully comprehend the magnificence, complexity, and harmony of so stupendous 
a scheme ; for, if wo were carried to 31 Messier, the sublime perspective beyond 
of orb upon orb, would still continue. Even thought itself fails in estimating 
the mat(u*ial universe : still men, and apparently sane men, have absurdly 
bestirr(ul tbonisolvcs to cast bonds around infinitude, materialize the design, and 
limit the faculty oi' the inscrutable Creator I 


VAUTAiiLJii STARS (Cyclo, I. pagos 272-4). Since those pages were written, 
this very important class of celestial phenomena has been diligently watched from 
Vcirious stations, but more especially by Argelander abroad, and by Hind and 
Pogsou in England ; insomuch that the list of them has been very considerably 
cnlarg(id and is still increasing. But it must be borne in mind, that varia- 
tion in the light of certain st ars is hy no means a proof of periodicity, nor must 
ho who gazes hi full moonlight compare his observations with those caught 
during our satellite’s absence, though the difforonco is simply the effect of an 
optical contrast. Yet, under the best available scheme of photometry, so general 
is the ])ropcrty of this stellar wavering of light, as to induce Herschel to think 
that about one in every thirty of the stars that are visible singly, exhibits an 
occasional measurable change of lustre; the fiuctuations in some cases are very 
considci-ahlo, and the irregularities perplexing. It is perhaps one of the richest 
of the all Init unexplored mines in extra-meridional astronomy, and those ardent 
mvms who have taken the field, have had most encouraging success in breaking 
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ground ; but, altkougli our practical knowledge of poriodically-variiiblo liiiiii- 
naries is also, greatly enlarging, tlieir physical nature is still a sealed myst(ny, 

Mr. Hind has noted that variable stars, especially the fainter ones, have 
generally a ruddy tint, on which Arago dilates thus: -“Might there not 1)0 
some connexion between this remark and the observation made Ijy the same 
astronomer, that variable stars at the instant of their minimum brightnc'ss 
appear surrounded with a kind of fog ? Supposing the existence of this 
fog well established, we should he on the road to the explanation of tln^so 
singular phenomena. Perhaps we may arrive at tlio conclusion that a star’s 
variations of brightness are due, not to a perfectly opaque planet revolving round 
it, but to cosmical clouds, which, by a similar movement of revolution, \vould 
1)0 snccessivdy interposed between those bodies and the cartb.” ]Tow('.v(‘r Ibis 
may prove to be, it must be received as a fact in the discussion, that niiu' of 
Hind’s variables are recorded as being red, and one absolutely lik<‘ 1o 

“a hlood-drop on the black ground of the sky.” The fog or haze at the minimum 
was palpably obvious, and, in several, very decided changes of colour took phiei' 
at different stages of the period ; for instance, H Geminorum, announe(‘d by its 
discoverer as passing through blue, yellow, and red during the gradations of 
its lustre, which is fully confirmed by Mr. Pogson. Besides the detc'ctiou of 
the above-mentioned crimson star, Mr. Hind thus wrote to me irom llc'gent’s 
Park, under date of the 14th January, 1850 ; — 


1 also avail myself of this opportunity to mention that, in October, 1845, X rc'inarkod a most 
Hery or scarlet star on the confines of Lepus and Orion M (1850) 4h. 52m. 45s. and JS'J’D 10,-3° 2' 
ThisrtarisJy/urtliemostdecplyTOWdof auytUatlliavo yot aeon, ami in alviki.m 
mth a leautifuUy wHto rtai preceding it one minute. It ia not inaortod in Sir .Tolin 1 lerHclml’a 
Catalogue of Bed Stare, there is no aUusion to it in your “ Cycle.” nor can t llnd any previous 
nutice of It; yet I am doubtful whether I can have first discovered this remarkable star, 

Also on the night of the 28th of April, 1818, he suddenly porcoivod a mi 
star of between the fourth and fifth magnitude, very conspiouous to tlio naked 
eye, in the region of the Serpent-bearer, in M 16h. 61m., and in Doc. - 12° Uiy, 
where, from a thorough acquaintance with the spot, he felt assured, and could 
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state positively, that no star down to the tenth magnitude had previously 
existed ; it was to unassisted vision as bright as v Serpentis. I happened to bo 
absent from home when Mr. Hind sent me notice ol this Mira Ophiuchi, 
nor was it till the end of June that I was able to get a telescopic glimpse of 
it, when it had dwindled to about the eighth degree of lustre only, h'rom the 
time of its discovery the stranger continued to diminish, but witliont altering 
its position; and, before the advance of the season rendered observations ii\i- 
practicable, it had nearly disappeared. But, although it has been watched 
from 4'6 to below 13*6 magnitude, it cannot as yet be enrolled among the 
periodical variables, and for the present must renuiin under the designation of 
Sind's Changmg Star. I may, however, just call attention to the Cycle (II. 
page 394j), where mention is made of ICcpler’s schohu-s discovering a new first- 
rate star in the foot of Ophiuchus, which hecamc invisible in a few montlis. 
Now, the “foot of Ophiuchus” is a loose term, especially in the drawings of 
that day, and the positions are suifieicntly near to ask whether the new “Mira ” 
may not be a re-appearance of the Kcplcrian ovanoscent star ? 

Some of these apparent irregularities may yet be found to be reducible to 
extremely regular cycles, for there is a vast d<^al of wliicli we scarcely know 
anything, and much more that our knowledge of is of too short duration for 
us to penetrate the complicated system. Bigott’s variable star in Corona is 
represented by Argclander to alter for the most part so little, tliat the anaid(^jd 
eye can hardly decide on its. maxima and lyiinima oJ’ light ; yet, afier the laj>s(^ 
of whole years of these slight and unsteady waverings, they siuhhuily boconu' 
so great that the star completely vanishes, llic variations of the red and bril- 
liant Betelgeuze (a Orionis) w'cro detected by Sir John nerschcl in 1836, and 
were “most striking and unequivocal” until 18dt0; but, within the y(?ars sinc(‘ 
elapsed np to 1818, they became much less conspicuous. In 18d<9 the Huciuations 
again increased ; ’and, on the 6th of December, 1852, Mr. Isaac Bleteher ob- 
served Betelgeuze to be brighter than Capella, and actually the largest, star in 
the northern hemisphere I The indefatigable ArgelandcM* establishes the time of 
its increase at 91’6 days ; he also states, that, from tho twentieth to the seventieth 
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day after tlie inaximuin, its decrease is iiisonsiblo ; and l^letclicr, having* qiioicd 
iny mention of Pollux in the Cycle (vol. IT. p. 187) as being; variously estimated 
by successive astronomers of the first, of the second, and ovo]i of the third 
magnitude, adds undei* date of the 20tli of Pebruary, 1850, the following rcniuirk : 

At thu proEK'nt moment this romnvkabic sfciii*, Pollux, is obviously and iimn istiikoi ddy ki’ighlci* 
thiui Cnstov; at any rate fully ns bright ns, if not brighter thnn, a Ursre Miijoris; though I aiuiiot 
say how long it may have be(in so. 

In proof of what extreme care should attend observations of every descrip- 
tion, however unimportant they may he deemed at the time, I will now cite 
the remai'kable case of P and S Caucri.* Those two objects, proct^lers of 
Avhat I have termed a coarse triangle, are so closely following a lino coinjiressed 
cluster of very minuto stars, 80 Mossier, that with moderate anagnil'ying 
jiowors they are in the field of view together (Cycle, II. pag(^ 357.) They were 
first diagrammed on the 30th of April, 1837, when the Ibl lowers W(‘re jottc^d 
down as of the teiitli magnitude ± ; hut, being then bent only on obtaining 
guide-posts to secure identity for amateurs, and not thinking ol‘ variables, I 
liastily marked them the same on the 7lh of May 1830 ; at all (wi'uts tiny wer(^ 
both visihlo at those times. Tims matters rested till the Humnu'r of 1853, 
ndien my obliging correspondent M. Cliacornac foinul that P from the ninth 
magnitude had become invisible, oi- below the twelfth degree of lustri'-, while 
8 remained of tlio ninth; hut, on the 10th of May in the following year, 8 
was invisible, and P of tlio ninth or tenth magnitudi‘. “This co in ei donee,” 
says M. Cliacornac, “ however rare, shows two variablt^ stars side by side, and 
made mo believe a displacement of S, a displacoment tliat would have requir(Ml 
an enormous proper motion in P. A series of micrometrie observations soon 
dissuaded me from so exaggerated a supposition; and, on tho 14th of April 


* Tim capital Ictlerf* of the latter division of the Ilouuin alphabet have been ajtplied by Argclauder to the 
small variable stars which, before his time, had received iieltlior iiaiiie iiyr sigu. [Tiider bis system lie eomiueiieed 
with E, because others had used up I'roiu A to N ; II therefore signifies the first discovered variable in any constel- 
lation, S tho second, T the third, and ao on. I regret to say that I think this noiuoiiclature is inadiupiute to the 
object, for Gemini, Virgo, and Capricorn are running out fast to Z ; and the rapid progress of recent discovery 
threatens the scheme with bankruptcy. 
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1855j I actually again saw S in its place of the ninth magnitude, that is, as 
brilliant as on the 6th of July, 1863.” Pive years after the latter date, I was 
informed that Mr. Baxendell could see neither of them, they having either 
disappeared or both dwindled down to less than the twelfth magnitude ; where- 
upon I thought it best to hand them over to Mr. Pogson, together with fac- 
similes of my diagrams of 1837 and 1839. In an answer from this gentleman, 
dated Oxford, 2nd of July, 1858, he says, “I beg to return thanks for the 
configurations near E; Scorpii, for which I felt greatly indebted, and forthwith 
examined the objects in question. Time only permits me to state in this 
brief note, that your epochs will greatly facilitate the determination of the 
periods of both E and S Scorpii. Chacornac’s positions for 1862.5 are merely 
approximate : ” and, in April 1869, he sent me word that “ S Scorpii is now 
visible, but not E. last year the contrary was the case about the same time, 
or a'little later.” I am satisfied that they are now in good hands. 

The increased application that has been made to tliis interesting depart- 
ment enables me to supersede the list of Variable Stars given in the first 
volume of the Cycle, with a bettor. This I have tabulated in a style which would 
save it from the angry rebuke of M. Arago, who, in liis Popular Astronomy 
(i. pages 429 and 260), exclaims — “ In certain cases, in fact, the discovery of the 
periodic star has been attributed to the observer to w^hose eyes it first offered 
itself as a new star, although ho never doubted that, after being enfeebled, it 
would return to its original brightness. In other cases, on the contrary, the 
astronomer who first recognised the periodicity has been entirely thrown over- 
board, and the whole honour of the discovery has been attributed to him whose 
observations, combined more or less skilfully with those of his predocessors, have 
assigned to the period the most accurate numerical amount.” Tot Arago, 
instead of compilittg a table himself on tliis principle, merely extracts a list oJ* 
variable stars from Humboldt’s Cosmos, which liad been drawn up by Argelandor. 
However, here are fifty of the principal Yai'lables known to be periodical, 
including both the discoverer and the classifier of each : — 


p 
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star. 

DlsooTorer. 

BragrJtndea. 

l^lomenta. 

Kame. 

Date. 

Max. 

Min. 

Kpoc'h. 

I’erlod in ‘Daya. 

Authority, 

T Pifwium 

Lnthor 

1856 

9-6 

11 

1866 Rnd of Ootobor 

Al)out 143 

Mebnonfold 

a OnsaiopeitB 

Birt 

1831 

2 

2*6 

1844 Jan. 10 

79-1 

A rgeluudor 

S PiHcium 

Hind 

1861 

9 

13 

1861 Augnat 

AI)oul 13 uionthh 

Pegaun 

R Piscium 

Hind 

1850 

7*6 

9*6 

1867 August 

343 

Heluienfeld 

0 Coti (Mim) 

Holwoi'da 

1638 

2 

Under 12 

1861 Juno] 0-45 

331-3SG 

Argelaudur 

& Peraei (Algol) 

Montanori 

1609 

2*3 

4 

1864 Got. 8-2236 

2-80727 

Argelander 

k Taui'l 

Dazendell 

1848 

4 

4*6 

1869 Jan. 1-260 

.3-9629 

Baxundell 

R Tauri 

Hind 

1849 

8 

Under 13*6 

3860 Fob. 2 

.330 

Winnoeko 

R Orionia 

Hind 

1848 

9 

12-6 

1867 April 38 

.378 

Wimioeki) 

« Orionia 

Horaohol 

183G 

1 

1*6 

1862 Nov. 20 

106 

Iluniehel 

Z Q-ominorura 

Schmidt 

1847 

3-8 

4*6 

1867 Fob. 7-300 

10-168 

Argelander 

R Geminoruni 

Hind 

1848 

i 

11 

3866 Dec. 21-3 

301)-726 

I’ogaoii 

R Ganis Minoris 

Argolandor 

1854 

8 

. • . 

1864 April 12 

About 307 

Pogaon 

•S Cania Minoria 

Hind 

1866 

8*6 

Under 11 

J860 Dee. 11) 

336 

Helioenfultl 

S Oomiiiorum 

Hind 

1848 

9 

Under I3‘6 

1867 Dot. 36-0 

204-07 

1‘ogHOll 

T rieininorum 

Hind 

1848 

9*6 

Under 13-6 

1866 Nov. 2-0 


Pogaon 

U Gominorum * 

Hind 

1866 

9 

Under 13' 6 

1860 Fob. 20-6 


Pogaon 

K Cuuoi'i 

Schwerd 

1820 

G 

Under 10 

3867 ]'’ob. 23 

38(1 

Argelander 

S Onncri 

Hind 

1848 

8 

10*6 

i864 Juno 22-473 

9-484 

Argelander 

a Ilydrro 

Hind 

1848 

8-6 

13*6 

1867 ii'ob. 20 

266 

Muhoeufeld 

T Ciinori 

Hind 

I860 

9.6 

32 

3860 Fobrnnry 

[Juknown . 

Pogaon 

T Ilydraa 

Hind 

1861 

u.e 

10*6 

1866 Mop. 22 

Aboiil 320 days 

Winnoeko 

R Ijounia 

Koch 

1782 

6 

1(1 

1868 May 8 

312-67 

Pogaon 

R Urato Majoria 

PogBOIl 

1863 

7-6 

13 

1867 May 22-6 

3(11-90 

Pogaon 

R Virginia 

Harding 

1809 

0-6 

Under 11 

1866 Jan. 13-79 

M 6-724 

Argelander 

S Umc Majoria 

Pogaon 

1863 

7 

12 

1867 April 21-2 

222-66 

Pogaon 

tt IlyJrtc 

Manildi 

1704 

4 

Undor 10 

1868 March 7 

449-6 

Baxendell 

S Vii;giuih 

Hind 

1852 

6-6 

IJ 

1867 Mareli 24-8 

380-1 

Pogaon 

S Sorpciitia 

Harding 

1828 

8 

Undor 10 

J867 Ajjril 6 

367 

Argelander 

R CoroiKC 

PIgotl 

1796 

0 

• ■ 

1864 June 16 

323 

Argi'lander 

R Horprntia 

Harding 

1820 

0-6 

Under 10 

3 867 Hep. 29 

369 

Argelander 

R Libro) 

PoghOIl 

1868 

9 

Under 13*5 

1 868 May 2 

Unknown 

1‘ogaon 

S Ophinilii 

Pogaon 

1861 

9-3 

Under 1.3-6 

1867 June 26-] 

229 37 

Pogaon 

R Opliiuchi 

Poghon 

1863 

8 

Under 13-6 

1867 July 13-2 

304-60 

Pogaon 

a Horcuha 

IlrTBohol 

1796 

3 

3-6 

1866 May 18 

6(i-33 

Argolandor 

R Souti 

Pigolt 

1706 

6 

9 

1867 Nov. 2.3 

71*76 

Argolandor 

10 Lyrro 

(ioodrioko 

1784 

3-4 

4 3 

1867 IMi. 6-079 

12-9004 

Arg«‘landi‘r 

11 Aqnilffl 

Argclandor 

1866 

6-6 

• • « 

1867 July 20 

361-6 

Winiieeko 

R SugittaHi 

Pogaon 

1868 

8 

Under 1 3 

1868 .July 3 

405 

Pogaon 

R Oygnl 

Pogaon 

1862 

8 

Under J4 

1867 March 2-4 

410-72 

Pogaon 

X Oygni 

G, Kirch 

1687 

5 

Under 11 

1867 Dee, ID 

400-06 

Argolandor 

» Aquilic 

Pigott 

1784 

3-a 

4*4 

1867 Fob. (i-OOfi 

7-1703 

Argolandor 

24 C(ip'hei(JImlii.) 

Pogaon 

1866 

6 

11 

1807 .... 

Probably 73yearH 

Pogaon 

U Capriooml 

Pogaon 

1867 

11 

Undor] 3-6 

1867 Augiiat 

About 16 inunthH 

I'ogaon 

T Oaprioomi 

Hind 

1854 

9 

Undor 3 4 

1866 Out. 26 

274 

Mobooufold 

S Cophei (2ad) 

Goodriokc 

1784 

3*7 

4-8 

3867 Fob. 0-062 

6.3(i04 

Argolandor 

)3 Pegaai 

Schmidt 

1848 

2 

2-6 

1868 1 ) 00 . 24 

43-4 

Auvera 

R Pegaai 

Hind 

1848 

8-6 

Undor 13*6 

1866 Jan, 29 

.378 

Argclnndor 

R Aquoni 

Harding 

1810 

7 

Undor 10 

1867 April 16 

388-6 

Argolandor 

R Oaaaiopeka (2nd) 

Popon 

1363 

6 

Undor 14 

1866 Nov. 21-3 

434-81 

Popon 
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1 must now observe of a Oassiopem, that, but for its having been patronized 
by such an observer as Axgelaiider, I would have discarded it from the list ; for, 
after gazing again and again at it under pretty close comparison, I can still 
hardly subscribe to there being any variation at all (see the Cycle, II. 

13) : .while two stars which had gained admission among the Yariables— 3 and 
18 Leonis— are dismissed as “not proven;” the former showing but slight 
indications of q^uick changes, and the latter having been under rather legulai 
inspection as a comparison star to R Leonis, without faltering. On the whole, 
some errors are suspected by mistaking 3 and 18 for the said R ; but they have 
inflicted a deal of trouble in the examination of them. These intricate phe- 
nomena are indications of energetic activity in remote space, for which, as yet, 
no conclusive explanation can be given : stiU they appear to be the source towards 
which we must look for the occasional disappearance of some stars, the sudden 
apparition of new ones, and the advent of those designated temporary. Renewed 
inquiry into then details is imperatively called for: and it is a question 
whether they do not imply rapidity of change either in the position of the 
star’s poles of rotation, or in the situation of the places passing through the 
orbits of opaque planets which may revolve around tliem. Zeal and watclifulness 
will be in demand, as these extraordinary bodies are subject to sensible irregula- 
rities in their successive phases, which as yet defy the application of fix;ed laws. 

In February 1868, Mr. Pogson favoured mo with the curves of a couph? 
of variable stars — namely, his own R Ophiuchi, of ordinary and U 

Geminorum,* a ra/j^id changer ; for it is subject to alternations or twinldings 
of light from the 9th to the 13th magnitude, in intervals of only from 9 to 
16 seconds of time, the neighbouring stars of equal brightness remaining 
steady, and therefore the scintfllations could not be owing to atmospheric 
disturbances; both these curves are projected on the some scale, and Ironi 
them I had this diagram cut : — 

• In a letter wliicli I received from Mr. Pogson, 23rd November 1868, ho says, “After twice misHing its 
maxima, U Gominorum has suddenly burst forth, attained its fullest lustre, and again faded away ; and that too 
within four days of my predicted time.” 

p 2 
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FroJocHon ot tho observed Maximum of B. Opluuchl, 1867, July IG, 
Chief-Epoch, 1853, May 12.2. Forlod 304-GO Guys. 



The above list enrols those variable stars which bedeck our Northern hemi- 
sphere, where Mira and Algol (Cycle, II. pages 69 and 78) stiU maintain their 
claims to thoughtful admiration. But we must just step across the equinoctial- 
line to introduce a most remarkable object, 7 , Argus, to the patient reader, more 
oh account of its surprizing fluctuations, however, than from any due demand, 
as yet, for its being olassifled as a periodical or established variable star. It 
is located in a spot which I often gazed at in days of yore, with a ship’s “ spy- 
glass, namely, that part of the Via Lactea which lies between the after-hull 
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of Argo Nayis and tlio Soiitliern Cross ; in tlie midst of a largo and brilliant 
nebnla. This wonderful star appears to have continually varied in lustre ever 
since 1677, when HaUey rated it of the fourth magnitude ; in 1761, LacaiUe 
entered it of the second lustre ; and from 1811 to 1815 Burchell saw it re-* 
duced again to the fourth degree : but in 1827 the same observer found that 
it equalled the neighbouring first magnitude star, a Crucis, in effulgence. 
On the new year’s day of 1845, my son Charles Piazzi Smyth wrote to me 
from the Cape of Good Hope, in a very enthusiastic way, bearing upon this 
same object — “ The temporary increase of Argus in March ’43,” said he, 

“ so as to approach the magnitude of Canopus, gave reason to look forward 
to stiH greater brilliancy. But its maximum lasted only a few days in tins 
early part of that month, after which it dwindled down rapidly. Hence, 
although the star may not be advancing by successive steps, it seems to do 
so by undulations; for in March ’43 it did not go down to the point from 
which it had risen, and, being now on the increase, has been for a month 
brighter than Canopus, indeed half-way between it and Sirius, and is very 
red. These fiuctuations in lustre probably form i)aL‘t of a cycle of longer 
period.” In July 1850 my friend Lieutenant Gilliss, of the United Stab's 
Navy, wrote to me from Santiago do Chili, in an interesting letter, which 
I communicated to the Astronomical Society (Monthly Notices, xi. i)ages 
42-44), that he saw Argus undoubtedly brighter than the joint light of 
the two components of a Oentauri — which superb double-star is reckoned, 
“ beyond all comparison, the most striking object of the kind in the heavens.” 
Again, in Jan. 1862 (Monthly Notices, xiL pages 176-177) — 

I Lave thouglit for the lost eight or ten nights that t] Argus is diminishing in brightiirsH. 
It certainly is not brighter Uian the combined light of a Centauri, as it wns again last summer; but 
the two ai’enot yet favourably situated for comparison, being at unequal heights. 

Can you not persuade one of your munificent patrons of astronomy to send his telescope out 
here? I am convinced that it would unfold more wonders in physical astronomy every year than a 
life would afford in your atmosphere. 

By the triumph of moral over physical causes, however, this atmosphere 
mamtains the advantage as yet. Moreover a has yielded its pai*allax, and 
shown itself, as at present known, by far the nearest to us of the “ fixed stars.” 
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In order that the surpassing beauty of a Oentanri should he understood 
by philastrics, it must be recollected that A is of the first magnitude, B of 
the second, and the two are 16 ^' apart. Sir John Herschel describes them as 
being of a high ruddy or orange colour, “ constituting together a star which 
to the naked eye is equal or somewhat superior to Arcturus in lustre:” but 
after his exordium, I certainly should have expected even greater brilliance. 
As a proven binary its orbit is a point of great interest; and it seems that 
the elliptic elements deduced by the zealous computers, though still suscep- 
tible of amendment, represent the observations pretty fairly. Having had 
one of these investigations referred to me by the Astronomical Council, I 
received the following valuable communication from Mr. Hind : and, finding 
the results assume as near an approximation to truth as the observations 
yet will adiiiit of, I forwarded the letter to the Society, from whose Monthly 
Notices (xv. p. 88), it is here re-produced : — 

I believe a paper upon the elements of a Centauri was referred to you for report yesterday. 
I have recently deduced an orbit for the same star, not being aware that any one else was engaged 
upon the same investigation. My results, in which I have some confidenue, ore founded upon 
all the micrometrical measures from 1834 onwards, including the excellent series by Captain Jaool) 
down to the present year. 1 have thought you might like to liavc the elements lor eomjmrison 
with those given in the eomtnunieation to the R.A.S., which 1 have not scon: — 

Per. pass. 185 9 '42 

a 16° 42' 

A 26 2 

Eccentricity 0’7752 

Mean annual motion -f 4*448° 

7 62° 53' 

o 13-57" 

Period 80-94 yra. 

Those elements agree very well witli the observations, so far as I have examined them. 

Dec. 9, 1851. 

To resume 17 Argus. Poudering over its iuterestiug hut pei-plexiug pho- 
tometrical changes, Sir Jolm Herschel observes that— 

A strange field of speculation is opened by this phenomenon. The temporary stars heretofore 
]-eoordcd, have all become totally extinct. Variable stars, so far as they have been carefully attended 
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to, liavG exhibited periodical alternations — in some degree, at least, regular — of splendour and com- 
parative obscurity; but here we have a star htfully variable to an astonishing extent, and whose 
duetuations are spread over centuries, apparently in no settled period, and with no regularity o( 
progression. What origin can we ascribe to these sudden Hushes and relapses.'* What eonelusions 
are we to draw as to the comfort or habitability of a system depending for its suj)ply ol light and 
heat on so uncertain a source? It is much to be rcgi'etted that we are without ri'e.orcls ol its changes 
in the intervals between the observations ol Halley and Lacaillc and those ol Lacaille and Burehell. 
Its future career w ill be a subject of high physical interest. lo this ’ucenunt 1 will only add, that, 
in the beginning of 1838, the brightness ol this stjir was so great us nuilerially to iuterhue with the 
observation of that part of the ne])ula surrounding it whieh is situated in its iminediaU* vieinitvi 
and, in particular, almost to obliterate that extremely curious oval or lacuna wliiidi lonns so con- 
spicuous a feature in the ligure of the ncbida annexc'd, and ol whieh, had 1 not previously securt'd 
a correct representation, 1 should then scarcely have been able, to have done so Lo m y own satislaetion. 

The accurate representation of this nebula, with its included stars, bus ]>roved a work ol very 
great difficulty and labour, owing to its gi’eat extent, its comjdicakul couvolutious, and the luidtiUuk’ 
of stars scattered over it. To say that I have spent several months in the delineation oftlui nebula, 
the micrometrical measurement ol the co-ordinates ol the skeleton stam, the Idling-ui, mapping- 
down, and rcading-olT of the skeletons when prepared, the siibse([uent reduction and digestion into 
a catalogue, of the stars so detormuu'd, and the execution, hnol revision, and eorreetion ol tlus 
drawing and engraving, would, I am sure, be no exaggeration, hrcqueutly, whihi working at the 
telescope on those skeletons, a sensation of despair would arist' of ever being able to transfer to 
paper, with even tolerable correctness, their endless details. 

And of this vast nGl)ula, which prohahly is immoasiirahly beyond tht* 
finctnating star in space, he oloquciitly adds : — 


It would manifestly be impossible by verbal description to givc^ any just idea of tbc capricious 
forms and irregular gradations of light allected by the diHerent bruncluis and ajj])eu(hig(‘s of this 
nebula. In this respect the figure inn.st sj)eak for itself. Mor is it easy lor language to convey n 
full impression of the beauty and sublimity of the spectacle it ufi’ers when viiuvcd in a sweep, 
usheicd in as it is by so glorious and inniuiuirable a jn’oeession of stars, to wliieh it forms a sort ol 
climax, justifying expressions winch, though 1 liiid them written in iny jouninl in the exeiLcmenb ol 
the moment, would be thought extravagant if trauaferred Lo these pages. In fact, it is iinpossihk* 
for any one with the least spark of astronomical cuthuBlasm about him to pass soberly in review, 
with a powerful telescope and in a fine night, tlmt portion of the soiitherji sky which is compiis(;d 
between and 13^ of li a, and from 146° to 149° of Nr J), such are the variety atid interest of the 
objects he will encounter, and such the dazzling richness of the staiTy gi'ound on which they are 
represented to his gaze. 


Thoughts on the Nebular, Hypothehis (Cycle, 1. pages 3d^2-7, and II. 
passim). In my Catalogue I enrolled some of the finest iiebuluc to he seen 
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in this hemisphere; not that the class I was addressing could discern all the 
wonders of those highly-attenuated, incandescent, self-luminous masses, hut 
they were inserted that the gazer also might admire and adore. Indeed, 
whether these bodies — often so irregular, yet permanent in form — consist of a 
conglomeration of stars, or of cosmical vapoury matter, they are equally of 
vast importance to a better knowledge of the contents of illimitable space, 
and of the admirable structure of the Universe. 

It was therefore that, after a considerable study of those objects, and 
following in the wake of" such leaders as Tycho, Kepler, HaUcy, Lacaillc, 
Herschel, and Laplace, I certainly had fallen into the condensation-opinion, 
an opinion which, although now somewhat shaken, I still hold to bo conformable 
to probability and analogy. Yet, as aU our conceptions of material objects are 
relative, and overlooking the point that the longest periods of the creative 
elaboration are but as a moment in the scale of eternity, I made the staid 
reservation that “ Nature has yet to be caught in the fact ” (Cycle, I. page 
313) ; and I moreover expressly' stated that the theme, though solemn and 
sublime, is yet only imaginative (Cycle, II. page 270). It was the remarkable 
harmony subsisting among their movements which induced Laplace to conceive 
that the sun, planets, and satellites of our own system had resulted from a 
common genetical process: he considered the rings of Saturn to be extant 
witnesses of the action of a general physical cause; and tliis opinion was 
advanced long before the nebulous semi-fluid dark ring had been detected. 

More recent assumption inculcates that Lord Kosse’s grand discoveries 
have proved all nebulae — instead of being luminous uncondensed matter — to 
consist of immeasurably remote galaxies of suns, each lilce our own Via Lactea, 
the re-solvability of which is solely a question of power equal to the distance ; 
but it is considci'atoly admitted that the hypothesis was a “ splendid vision.”* 


A lesson to arrofiiancc, in mighty probluiiis, is found in the slight regard originally paid to the elder Ilerschers 
experiments on the contested theory of tho Solar Motion: and (in anotlier branch of science), when a proposition 
to propel vessels by steam was made to our Admiralty, tho Boord complimented the ingenuity of the invention, but 

pronounced that “it was not adapted for the Royal Navy.” Ohe! 
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The oppositionists, however, must not heave ahead too fast. Sir H . ECerschcl 
adopted the opinion only after re-solving hundreds of nebulaj into stars, inso- 
much that at first he thought all those objects might be re-solved under 
sufficient optical enlargement. Now, the late vast improvements in telescopic 
vision, though they have diminished, are far from having exhausted, the sup- 
posed number of actual nebulae ; and it is a very hasty conclusion to assume, 
because many of them have yielded, that no nebulous matter exists. Indeed, 
Lord Eosse expressly says, “that now, as has always been the case, an. increase 
of instrumental power has added to the number of clusters at the expense of 
the nebulae, properly so called ; still it would be very unsafe to conclude that 
such will always be the case, and thence to draw the obvious inference, that all 
nebulosity is but the glare of stars too remote to be separated by the utmost 
power of our instruments.” In a word it may be stated, as the genei'al result 
of his lordship’s examinations, that to whatever tolescojnc investigation these 
distant mysteries are submitted, nebulosity actually exists in difierent degrees 
of condensation : and, whenever they yield to the re-solvent power of instru- 
ments, a great number of stars are brought to view — discrete centres of conden- 
sation — or points surrounded with luminous matter. But clearly this does 
not include the fantastic wisps, and difliise patches, of light which stud the 
celestial regions ; and, as to those strange problematical objects — the planetary 
nebulae — what cosmogonist can examine them without intense amazement, and 
utter incapacity of conception? 

The Nebular Hypothesis was never advanced as a positive inductive fact, 
or physical reality, but only a philosophical conjecture, or an assumed analogy ; 
yet, if there ever did exist a reason for accepting the speculation as a vent 
coma, that reason, though impinged upon by the recent telescopic revealments, 
is not entirely swamped thereby; on the contrary, the celestial scheme is 
equally remarkable and suggestive, nor can it be ignored without first proving, 
that nebular condensation has never been going on as indicated by the internal 
evidence of our own system. It is a powerful incentive to obtain by further 
research demonstrative facts, and consequent truth ; so that asti'onomers in 

Q 
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after-times may become sensible of any changes which may take place in the 
island universes scattered in the depths of space, which, from their enormous 
distance, ean only become known after some ages shaU have passed away. The 
Nebular Hypothesis is therefore worthy of being retained; it is not what Bacon 
termed “the seduction of a vain philosophy,” but a fair inference from second 
causes, wherein the consequences conform approximatively to the phenomena 
of our system, and may afford us a faint conception of an Omnipotent Biust 
Cause, though no idea of His Essence or Will. 

Typical Erhoes (Cycle, I. page 398, lino 13 cub ivno). The moan deter- 
mination* of the level should be 0' 0" *05, instead of 0' 0" '6. On page 400, 
lino 16, for 40 abatement from the index, read 20. 

On obseeving Staes by Daylight (Cycle, I. page 401). In stating the 
claims of Gautier and Hook to have originated this practice, it appcai-s that I 
overlooked an anterior title to the discovery. After that volume was published, 
I received a friendly letter from Professor David Thomson, dated “King’s CoUt^go, 
Aberdeen, 18th January, 1847,” to this effect:-- 

Pcimit mo to call your attention to tlic following quotation from Galileo’s 1st Dialogue on 
the Copemican System (Opere, Milano, 1808, &c. Vol. XL p. 206), whicli will afford a correction 
of a statement made at p. 401 of your excellent Prolegomena: 

“ So Toi paragoncrotc il piccolo corpiccllo, v.g. della Canicola, mduio di giorno eol Telescopio, 
quando si vede senza irradiazione, col mcdcsimo veduto di notte coU’ occhi olihero, voi fuor di ogni 
dubhio comprcndcrete, &c.’^ ” 

^ This was written before 1632, that is, 37 years before Gautier’s and Hook’s discovery of the 
visibility of certain stars by day with die telescope." 

LB90NS D’ AsmoNOMiE ( 07 cle, 1. page 462-6). This was a pamphlet 
that suddenly appeared and drew attention, but, as it professed to tread on 
ground whioh I had been beating, I re-produeed its constellations. Still, I 
mentioned my surprise that M. Arago should have been the author of such 
a work, and that its only claim to notice was its hearing his nam.. since 
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my book was published, be has denied the authorship “ with both hands. ’ 
He produced a work of his own, from a course of Lectures on Astronomy 
which he was in the habit of delivering annually at the Observatory of Paris 
during a period of 18 consecutive years, and this work — Popular Astronomy — 
has been translated by Mr. Hobert Grant and myself. A glance will prove 
that the two publications cannot be by the same author. 

(Cycle, I. page 436.) At line 12 ab imo, instead of the typical error au 
cocli read wn coch. 

An erroneous Statement (Cycle, I. page 457). In the last paragraph 
on this page is a great oversight, in stating the effects of the shifting of the 
node of the Earth’s equator ; for if anything is more certain than another in 
this department, it is that the latitudes of the stars are not changed by the 
precession of the equinoxes, nutation, or any other branch of that phenomenon 
which depends on the spheroidal figure of the Earth. Tliese latitudes, it is 
true, are subject to an exceedingly slow and minute change, but that is 
occasioned by the alteration of the plane of the Earth’s orbit, due to Ihc 
attraction of the planets, and would be .precisely the same if the Earth were 
a perfect sphere. The paragraph should therefore be read as follows : — 

First in importance is that continual shifting of the node of the Earth’s equator on the ecliptic, 
by which the line of reference on the ecliptic actually varies, altering equally nU the longitudes of 
the stellar host. This singular variation, as already shown, has long been recognised as the preces- 
sion of the equinoxes. Were tlie position of the Earth’s axis always accurately parallel to itself, 
the line of reference, which points to the first point of axis in the heavens, would, also remain 
parallel to itself; but this is not the cose, tire actual plane of the ecliptic does not vary perceptibly 
by the action of the Moon on the Eartli, or rather the very slight oscillation whidi it undergoes is 
one of the smallest of astronomical phenomena; but, by the action of tire planets, it gradually 
diminishes, very slowly, and this is the only phenomenon by which tire latitudes of stars arc aflcctcd. 
Newton, to whose sagacity we arc indebted for the discovery of tho cause of precession, supposes 
the spheroidal form of the Earth and Moon to be owing to their having once been in a Iluid 
state, whence, as a consequence of the rotation, tho matter flowed most to tho equatorial regions. 

Before quitting the first volume of the Cycle, w^e have occasion to return 

to its page 64, where it is mentioned that Pius VII. had “ repealed the edicts 

Q 2 
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against the Gopernican system/’ and that, “ notwithstanding which various 
publications still adhered to the Earth’s immobility.” This was a patent affair 
in 1818, and made, I well remember, a considerable stir at the time. It was 
communicated to me either by Baron de Zach or General Visconti ; but the 
reference to the subject has been lost, or mislaid, in the gurgiie vasto of my 
Mediterranean papers. Therefore on Dr. Whewell’s lately wishing me to get 
him a copy of the rescript, I immediately wrote to a highly scientific Italian 
friend for exact information on the subject, and received by return of post 
the folloAving reply, dated Roma^ 10 Genn°\ 1867 : — 

I now come to answer your lost note, in wliich you request to know something of what Pius 
VU. did relative to Galileo. All 1 know is only this, tliat ho ordered in the reprint ol* the Index 
of Prohibited Books, tlrat, as already had been done some time before, the law proliibiting hooks 
on the Motion of the Earth sliould be omitted. , 

* This does not moan tliat tliero is any cliange in the Catholic JSduf, since the prohibition of a 
book is not always on account of its being erroneous, or hcvcticol, but because the discussion of 
certain topics may bo dangerous at certain times, though they may be permitted when tluit danger 
lias passed away. This has oocurj’ed even with some very good theological books, prohibited only 
because they might load to the treating of matters and questions which were perilous owing to 
the times. Tliesc, however, were articles ol‘ discipline wliich might vary in process of time; and 
often the clcinent of human miseries may bo mixed up with tlicin, as much on the one side as tlu' 
oth(^r. 

Galileo certainly had a long tongue, and the men with whom he contended wcrij not to be 
assaulted roughly. If he had followisd the Grand Duke’s advice, and that of other friends, he 
would not have suffered what happened to liini.* 


* The Trliole labours of such men as Galileo, Newloii, Boyle, Descartes, Bacon, Jbliccioli, and Mercator, were not 
damned, but only selected portions of them. In the instance before us it was the Dialogo sopru i dwt Sistimi del 
MondOf which was anathematised and burned at Bome by a decree of April 1634 ; such writings as those of Luther, 
Zwingle, Bruno, Wickliffe, and many others were “ omnino damnantur." As my correspondent’s letter is of some 
import, it maybe proper to submit the original “ Vengo ora alia risposta dell’ ultima suo, nella quale mi chiede 
<li sapere qualohc eosa sull’ operate di Pio VII. intorno a Galileo. Quello che io sd b solaraento questo, che il 
<lelto Papa ordind che nella ristompa dell' Indice dei libri proibiti non vi si mettesse piil — come pure nlcuii 
tempo priraa era gih stata lovata— la regola generale che proibiva i libri che trattavano del moto della terra. 

“ Questo non vuol dire che siasi mutato nulla nel Credo Cattolico, perchb h ben noto che un libro non b sempre 
])Voibito perchb erroueo, o eretico, ma perchb pud esser poriOoloso in certi monaenti e tempi il trattare alciuie 
materie, cessato il quale pericolo i libri possono pormettersi, Ne abblamo esempj in casi di sanissimi libri 
teologici, proibiti solo perehb potevano dar causa a trattoi’e materie e qulstioni pericolose per lo circostanze dei 
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Such is the substance of my worthy correspondent’s communication, the 
which does not altogether quadrate with my own impression of the matter. The 
mere omission of books from the Index Micpwgatorms, or expunging a name, 
certainly does not prove much; and it is pretty clear that one Padre Banctis- 
simo would hardly he brought to reverse the sentence of his predecessors: by 
the way, the late restoration of the Jesuits was a step in the opposite direction. 

As faith and science ought never to be pitted against each other, we must 
have a word more sulla eondamma del Galileo. Prom Tiraboschi to Marmi 
the great Tuscan philosopher has been rapped on the knuckles as bemg 
unjustifiably fldgetty under interference. Nor is it only Catholics and Catholic 
prelates who assail him, but even my judicious and very temperate friend De 
Morgan, in. 185 B, tlius lays it on : 


It must also be bome in miiid^tlial tlic Inquisition (lid not interfere until botli sides bad got 
into a warm and angry dispute about certain interpretations of tlie Scriptures, ot wliicli bodi sides 
admitted evay intci-pretation to be tbc exclusive property of the Cbureb. From miuiy circum- 
stances we feel a right to suspect that if Galileo mul bis followers bad never made any odier aiisw(‘r 
to tbe Scriptural argument except dcelining to assume tbe power wbicli, l)y tbeir own concession, 
belonged only to popes and councils, tbey never would have been called to accouut. Ibo 
temper of tbe liigbcr orders of tbo clergy seems to have been nnobjectioiuiblo. Wlion (Dtalilct) 
applied to Maraffi, tlic general of tbc Dominicans, coinidalnlng of an indecent attack made upon 
)iim by one of tbc order, be received a written answer, cxpreBsing regret and tbe vexation ol tbo 
writer at being liable to-be compromised by all the braialitics {heslialiia) wbieli nugbl and di<l taki‘ 
place among twenty or thirty thousand monks. Had each offender against common sense and 
^mmon moderty been a pope, a cardinal, an abbot, or a monk, ueting in bis single enpacity we 
should have been pWd to remember bow vast and bow many have been tbe obligulious wbieh 
both literature and science have owed to those orders. And wo sboiild have readb'.d tlie gieiit 
encouragement which tbe ’Copernican system received from popes and curdiiuils at its first promul- 
gation; nor should we have forgotten that immediately after tbc brst prowjcdmgs against Gidilco, 
a pope invited Kepler, tbe greatest and most notorious of tbe Copcrnicans next after Galileo,^ 
to be bis professor of Astronomy at Bologna. But llic Inquisition, tbe common F(^we^'■ of 
tbe odium tlrnhyicum, has no redeeming point in its general history, tboiigb tlio ense before us has 


tempi. Dul disciplinavia che variare possono col tempo; e spoBBO vi si pud moscolare 

relemcnto delle miserie umanc, tanto da uua parte che dall’ altra. 

“ Galileo certo ebbe la lingua non poco lunga, e quelli con cui contrastava non era gente da prondere di froutc ; e 
se avesse aeguito i consigli del Gran-duca, e d’altvi suoi amici, non avrebbe Bofferto qnello che gli Loccd.” 
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to much of allovktiou, tbttl (taking for granted tot toileo t™ not put to to torture) there it 

Now, without denying thia, I may say that few of those writofs. happily, 
have known what it is to be cited before the Holy Office of the Inquisition, then 
and there to he questioned and cross-questioned hy stem and mevcilosH Do- 
minicans, armed with power to squeeze out answers as to their belief in these 
matters. Nor were those persecutors who dragged the venerable philosopher 
through the streets in a penitential dress, his only enemies. Hut some, taking 
their seats between sanctity and science, have paid the penalty by the laws of 
physios in such case made and provided. Among them a Neapolitan, Julius 
Caesar La Galla, really a man of information, was a violent antagonist of Galileo; 
and he, in a hook dedicated to Cardinal Cappoui in 1611, rdcklossly assoris 
that, because God is not on eai-th but in heaven, he therefore can move hcavon 
but not the earth, “ Iddio non sta in terra, ma in cielo, oiide pub niov(;re il 
oielo e non la terra;” and such asinine balderdash was allowed, among the 
Anti-QnlileaiiSj to p<ass as argument ! 

At the mention (Cycle, I. page 46) of Galileo’s imprisonment for a year, 
It alludes to the close iuoarcoration to which he had been condemned for life' 
a,nd the meraticn only to his becoming a prisoner-at-large, in which state of 
thraldom he passed the rest of his days, even after total bliu.lness alHicted 
him : instead of Uberation. it were better to have said, mitigation of his sentonoo. 
t was m 1634 that he wms permitted to reside in his casino at Arcetri, near 
Florence; but the humiliation pressed hekvily on his spirits, and increased 
his mfinnities, insomuch that he never more wrote on Astronomy. Milton 
afterwards his companion in the Indea^ ApurgutoHus, oaUed upon him in IOSh! 

I found, says that sublime poet (Prose Works, i. page 313 ), “I found and 
visited the famous Galileo, growm old. a prisoner to the Inquisition for thinking 
on astronomy otherwise than as the Dominican and Franciscan licensers 
thougW. ’ And. m his immortal poem, with a Uvely recollection of the astro- 
nomer’s first application of the telescope, he paints Satan— “of unblest feet” 
with his ponderous shield — 



MILTON AND GALILEO. 


119 


Himg on his shoulders like the Moon, whose orb 
Through optic glass the Tuscan artist views 
At evening from the top of Fesol6, 

Or in Valdamo, to descry new lands, 

Rivers, or mountains, in her spotty globe. 

In reading which, it should be recollected that, in Milton’s time, the desig- 
nation “ artist ” implied a man of science ; and in the nautical affairs of that 
day, the mariner who could write a journal, keep a sea-reckoning, or shoot 
the sun for a latitude, was the ship’s Artist. 

To conclude — such was the deplorable doom of a philosopher to whom astro- 
nomy, mathematics, geometry, mechanics, acoustics, harmonics, and the general 
Imowledge of nature are under such durable obligations! After all, it seems that 
we are still to v(^st on our oars upon the main question, altliough A' pur si 
muove is so unequivocally manifest ; for, what with open foes, ‘and our own 
traitorous Dominicans in disguise, among many the glorious sun must still 
profess to run round the terrestrial globe 
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What is a man, 

If his chief good, and market of his time, 

Be hut to sleep and feed ? a beast — no more. 
Sure, He that made us with such large discourse, 
Looking before, and after, gave us not 
That capability and godlike reason 
To fust in us unused. 

SnARsnnABE. 


rB.BQTONTLx passing through Bedford to his seat at Ooltrorth, and attending 
the local sessions and assizes as a county magistrate, Dr. Leo was wont to 
favour me uith occasional visits; and, having always been an ardent admirer 
of TJiania, he felt the enjoyment of a little practice, as weU as the advantage 
of a good telescope, easy to manage, and always ready for use. I do not 
accuse him of violating the tenth commandment; but it was clear tliat he 
would not remain much longer without seeking some powerful Tr'»nT.» of 
penetrating space. And thus it happened. 

In December 1828, soon after I had completed my observatory at 
Bedford, and mounted the instruments lent by the Astronomical Society for 
that purpose, if was communicated to me that the telescopes, clock, transit 
circle, portable transit, and numerous other articles, which had belonged to the 
late Eev. Lewis Evans, were to be disposed of by private sale. On viewing 
them, I was rather chagrined at the circumstance not having occurred before 
my arrangements were carried into effect ; especially as the circle seemed to 


t 
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me greatly superior in simplicity aud olHcicricy to Colonel Beaufoy’Sj with 
which I had just commenced my operations (See the Cycle of Celestial Objects, 
vol. i. pp. 333 and 335). On mcotioning this to Dr. Lee in the evening, he 
resolved to make the purchase, and to present the circle to the Astronomical 
Society, under .an understanding that it was to cliange places with the one 
at Bedford; a transaction wliich accordingly took oiroct. 

This beautiful transit-circle Ixiing thus disposed of, there still remained a 
considerable number of instruments with Dr. Leo, of which ho shortly after- 
wards became desirous of making a pi‘ 0 ]>er use. On being consulted, I recom- 
mended that the small transit-instrument should be mounted on a pedestal in 
the South portico of Hartwell House, where it would command all the Green- 
wich stars from the zenith nearly to the horizon — that is, from 7 Draconis 
down to Domalhaut; the adjoining strong-room then could be litted for the 
clock and, other instruments, and the requisite books and catalogues: while a 
second stone pier was proposed to b(i eroctcul at a litthi distaTico in front of 
the portico, on which to place the rcdleetiug-telescopo. Tliis pi' 0 ])osition was 
adopted, and, with the help of Dr. Lee’s stall* of domestic avtismis, I soon 
carried it into effect, insomuch that, having a])proximate(l the meridian pretty 
closely, the moon and several stai's wore observed on the 3rd of April, 1830. 

A word upon this point, as I tliink it wholesome in affairs of such 
description, that things should go by their riglit names, to prevent misunder- 
standing and wrong impressions; for I have witnessed with very deep regret 
the vis merticB perceptible in certain quarters of the Amateur World, wherein 
zeal so frequently evaporates in the note of preparation. While certain staid 
Philasters voluntarily engage themselves in systcjmatic labour for the benclil 
of Science, it is notorious that there are several private well-built and well- 
equipped observatories among us wherein no useful observations, or matters 
worthy of record, are made or undertaken to bo made, save when a publicly 
notified phenomenon is to be seen. To be sure, a well-mounted telescope 
ought to bo an appropriate and desired article for every educated gentleman’s 
establishment, both for amusement and expansion of mind j and the Earth 
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noiselessly rolling on its axis presents a new field for admiration with every 
passing hour. What scenes in the diurnal revolution of the celestial sphere, 
in the 86,400 seconds from the time of a star’s passing the middle wire to its 
return to the same point ! The whole is a marvellous moving panorama, one 
day pressing on the heels of another, and the moon under continual change . 

Truditur dies die, 

Novoeqiie pergimt interire Lunse. 

But this, so much better than neglect, has no more to do with the desiderata 
of Astronomy, than swimming has with the composition of water. Instead, 
therefore, of bruiting and advertising their instrument-rooms as observatories, 
it were better they should recur to the more honest and correct term gazebo. 
Not but there are those lovers of Urania, a zealous band, who have resolutely 
climbed the cliffs of knowledge to enter the Temple of Science by its only true 
approach ; and have rendered such valuable and essential service to the cause, 
that they ought never to be confounded with the gazers alluded to. By the 
accurate advances of this force, observations are furnished for tho discussion 
of the geometer, and the generalisation of the philosopher ; and it is a course 
which may elevate the amateur to the platform of science, without lowering 
science to the level of the amateur. Bor more on this topic, I beg to refer 
the “gentle” reader to the Cycle, vol. I. pages 366-9, and tho present para- 
graph may be concluded with old Joseph Walker’s remarks on tho gratification 
which a telescope affords. In his Astronomy’s Advancement, or News for the'. 
Curious, 1684, he says, “ Any person may be able to direct himself to what 
stars are in a most convenient condition for him to view at any time, when his 
curiosity leads him to such entertainments. And truly these are entertain- 
ments so noble and glorious, as well as ravishing and transporting, that it is 
to be wondered how persons whose parts and fortunes quahfie them for them, 
are able to temperate themselves from them.” Brom obvious causes, however, 
there will always be more investigators and speculators than observers ; — since, 
in the latter class, bodily comfort, physical ease, and the seductions of rest, 
must be cast a, drift. To return — 
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I should here mention that the transit-instrument above-mentioned was 
a portable one, of twenty-four inch.es in length, on a cast-iron stand, hy 
Oarey; * and the reflecting telescope is of five inches and a half aperture, 
with a focal length of thirty-six inches, having a good finder and several 
eye-pieces, on a stout brass tripod. The dock was made by Mr. It. X. Barton, 
of Ramshury in Wiltshire, and exhibits a pretty fail* train of wheel- work to 
a Graham’s dead-beat escapement. It is fitted with a novel pendulum, ex- 
pressly made for the Rev. Lewis Evans, of Erox&eld, by liis friend Edward 
Troughton, who had just invented it. In the cons?truction of this ingenious 
appheation, the apparent rod is a cylindrical tube of brass, reaching from the 
bob to the suspension-spring. This contains another tube with five wires inside 
it, so disposed as to produce three expansions of steel downwards, and two of 
brass upwards. These linos of wire are so proportioned as to length, that they 
act inversely upon each other’s impulses, and by the combination destroy the 
effect that either metal would have singly. In this contrivance the estimable 
artist reasoned weU, and the attempt was worthy of Mm : but it so happens 
that the main variations by wMbh the instrument is affected are owing to the 
outer or covering tube, and, even were this removed, it would still be liable 
to the jumps and irregularities incident to gridiron pendulums. Troughton 
therefore soon abandoned it as a failure. 

The aforesaid strong-room, besides being the repository of the fixed 
instruments, contained also various portable ones, and presented sufficient 
means for breaking-in an amateur of zeal, and also for doing much good 
work, terrestial as well as celestial. Of these I may instance the following : — 

A reflecting circle by Troughton, with counterpoised stand, and an artificial horizon, 

A ten-inch brass sextant, by Koinsden. 

A five-inch sextant, by Kumsden. 


* This transit-instrument ■was afterwards lent to the Euphrates Expedition under Colonel Chosney, and went 
to the bottom of the river in the ill-fated iron steamer which foundered there in a heavy squall. It was, however, 
shortly afterwards recovered, and restored to Dr. Lee, who thereupon lent it to Mr. LasscU, of Liverpool, ns on aid 
to his mighty equatoreal reflector. 

E 2 
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A qufidmnt ol' eiglitcen indies radiiiSj ly Nairnc, with diagonal graduation. 

A quadrant of twelve inches, by Livcrton, of Liverpool. 

A trough, liamcd glass, and Mercury bottle for artificial horizon. 

A seven-inch theodolite, and tripod stand, by Carey. 

A small azimuth compass, in a brass box. 

A ten-inch 6uxvc3dng compass, with sight vanes and a tripod. 

A surveying spirit-level. 

A clinometer of six inches radius. 

A circular protractor of six inches in diameter. 

Hence it will be seen that the little observatory was richly fnrnisbod; 
and it bad, moreover, an abundance of lenses well-ground, coloured glasses, 
barometers, thermometers, and hygrometers. There were two or three tele- 
scopes, of which the Gregorian already mentioned was the best; hut an old 
one deserves notice for its respectable age, and its tolerable performance : 
it is a vellum eight-drawer “ spy-glass ” of ten feet in length, having a single 
object-glass two. inches in diameter, made by the celebrated Giuseppe Cam- 
pani, of Rome— who, with his brother, Alimensis, constructed several gigantic 
telescopes for Louis XIY. Besides which, in the winter of 1829, when I 
became possessed of Sir James South’s six-inch object-glass, I transferred to 
Dr. Lee a fine five-foot telcsbope of three inches and three quarters clear 
aperture, which, had been specially constructed for me by the elder TuUoy ; and 
which proves to he one of the very best of its order : in fact, he had mad(i 
several clever trials before producing this, as lie said lie was “ weU aware of 
what I required.” This instrument is powerfully fitted with a range of oyo- 
])ieces varying from twenty to eight hundred times,* coloured glasses, sliding 
adapters, prisms, and micrometer ; and, being mounted on a stout equatoroal 
stand, with rack-work motion and all necessary appliances, it formed a 
powerful addition to the means in hand. The solidity and efficiency of the 
portable mounting entitle it to notice— 


* In mentioning the whole range of oye-pieees, I should remind a beginner that the working ones are those 
which magnify from seventy-four to two hundi’ed and sixty-two times, as severally marked on them. The higher 
powers are merely for extreme experiment. 
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From having made numerous suggestions to ensure its fall efficiency 
I must ho allowed to dwell a moment longer on this beautiful instrument; 
OH})c^cially since— for the manner of its equipment— it has obtained the desig 
nation of SmytUian. From the use which I made of the double-image mi- 
cromotor lent me by Dr. Pearson (OyclQ, I. page 386), I was satisfied that the 
curious principle of rock-crystal prisms was eminently adapted for the micro- 
metrical measurements in praotioal astronomy, and for certam delicate require- 
ments the most desirable method of obtaining both angles of position and 
distances, under the conditions mentioned on page 386 of the Cycle. Its utility 
for officers on foreign stations struck me particularly, since the process requires 
no artificial illumination, nor indeed any adventitious light after the adjust- 
}ncnt of the vernier line to the zero of the graduation is made ; and, besides 
the avoidance of the lamp-trimming nuisance, there is impumty fiom the 
danger of rupturing spider-hnes. Therefore in the year 1826, as there was a 
prospect of my being sent abroad, I concerted with the late ingenious artist 
Mr. Itobinson, of Devonshire Street, to cut me a series of prisms, subtending 
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constant angles as arranged : tliese were afterwards accurately determined, 
together with the magnifying powers of a variable eye-piece by a Dollond’s 
dynameter. The constant angles of these crystals (20) adopted from the 
number engraved on each prism-cap are — 


Prism 1 
Prism 2 
' Prism 3 
Prism 4 
Prism 5 
Priam 6 


2 0 = 192 '' 
2 0 = 386 
2 0= 654 
2 0 = 1027 
2 0 = 1596 
2 0 = 2474 


log. 0 = 1-9823 
log. 0 = 2-2866 
log. 0 = 2-4425 
log. 0 = 2-7106 
log. 0 = 2-9020 
log. 0 = 3-0924 


which commanded a range from the closest wedge-shaped double-stars to wide 
pairs, and formed a perfect Ocular Crystal Micrometer. In practice the results 
are so easily obtained, and are so satisfactory, that I strongly urged the use 
of them to certain nomadic astronomers with portable instruments; but I 
regret — for their own sakes — ^that my recommendation was not attended to 
—ma vedremol It is certainly a method of measuring which nothing but 
my possessing a large and stable equatoreally-mounted telescope, fitted with 
an efficient and fuU-powered double-wire micrometer, would have prevented 
my exclusively adopting. 

In IBS'?, this instrument was lent to Mr. Norman Pogson, then of the 
lladcliffe Observatory, to use in the hnurs he was able to glean from official 
duties ; and he perceived the use of the prisms, and managed the mode so 
promptly, that in tjie following year he communicated a descriptive account to the 
British Association for tlie Advancement of Knowledge, together with the 
measurements of various double-stars of interest. And the high character I have 
given to the telescope was fully borne out by his quickly finding one of the 
smelliest planets — Hestia, with it. Writing to me on the 4th of August, 
1867, enclosing some neat observations of the planetoid Victoria, he observes, 
“The Smythian telescope will be of great service in watching the variable 
stars, as it defines small stars so admirably. The companion of Polaris, and 
other more difficult tests, stand out in a clear sharp style which puts to shame 
certain larger object-glasses I have been in the habit of using.” And see the 
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neat measures of Hestia on the Kith and 17th of that month, in the Monthly 
Notices of the B^oyal Astronomical Society (xviii. page 15). 

Such was the first observatoiy at Hartwell, which, small as it was, created 
a desire in Mr. John Dell, of Walton, near Aylesbury, author of the volume 
of Evening Amusements for 1832, to possess also a clock and a transit-ioom \ 
and I accordingly, at the request of Dr. Lee, superintended the erection and 
equipment of one for him. The two establishments were to be worked in emu» 
lation of each other ; but, scarcely had the good Doctor conquered the difidculty 
of watching the stars across the wires while transiting, than he yearned for 
more power, and consequently a larger sphere of utility in the Uranian cause. 
His Alma Mater had instilled the physical theory of astronomy into his mind, 
and practice brought the conviction of its, so to say, tangible advantages : — 

WBile thus we penetrate ethereal space, 

And Heav’n’s wide expanse so minutely scan, 

God’s wisdom, pow’r, and handiwork we trace — 

The noblest study of asphiug Alan. 

New systems open to us os we climb; 

Each glittering star gives law Lo circling spheres, 

Which run eternal rounds in faithful time, 

Nor err one moment in ten thousand years ! 

Perpetual motion Heav’n’s high works maintain, 

. So often sought on earth, but ever sought in vain. 

Besides contemplating the admirable balance and beautiful arrangements of tU(* 
starry firmament, he now perceived the harmonious connection between the 
refinements of science and the wants of every-day life ; and he hoped tliat tlu' 
labour he chose to bestow upon astronomy might, wliile gratifying himself, be 
of some practical use in the end. I had the honour of b.eing therefore again 
consulted upon the subject, and readily yielded my aid on the occasion. 

Before, however, entering the new Transit Hoorn, in giving an idea of .tb(‘ 
future prospects of this observatory, it may be as well to state at once, that, as 1 
bade adieu to my voluntary labours in practical astronomy at the close of 1858— 
not from any fiagging interest in the cause, but on account of entering my 
seventy-second year — it became a serious object that such an establishment as 
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the Hartwell Observatory should not be idle. As I had personally witnessed the 
earnest zeal and talent of Mr. Norman Pogson, it struck me that he would 
be a proper acquisition for the purpose ; and, after a consultation with Hr. Hee, 

I obtained his permission to move in the affair. On this I directly applied to my 
late regretted friend Johnson, Director of the Radoliffe Observatory ; and, finding 
him not averse to what lie considered would be advantageous for his assistant, 
proposals were made — through him — to Mr. Pogson, and accepted. Accordingly 
this gentleman entered upon his new duties on the 1st of January 1850, under 
the following stipulations : — 

I. Mr. Pogson \vili take the obsei-vatoiy, tlio instruments, and the appurtenances into his cluirg(!, 

together with the astronomical, raathematical, and scientific hooks, documents, and pa^iera in the 
library. The Sinythian aclmomatic ought to remain in Mr. Pogson’s house (witli tlie Barton clock) 
Tor occasional use when tlic larger telescope is not requisite — the observations carried on there to 
belong to Dr. Lee equally with those made in the observatory. He will occupy himsell (jmevally 
with keeping a lair transit-clock rate, and looking to remarkable occultations, eclipses, conu^Us, and 
other casual phenomena ; but in particular y with the following *. — • 

II. Among the desiderata of Sidereal Astronomy, and a capital branch for practical scrutiny, 
is the inquiiy into tho condition and details of those wondrous boilies tlie V/tiiiAilLlc, or more 
properly tho Peuiodio, Stars. Though these have been occasionally observed from tho. days of 
Fabricius to tho present, they have not yet received that undivided attention — espoeiully in Jhiglnnd — 
which, 03 a means of reaping grand results, tlicy call fur. Tills most desirable pursuit is tberofore to 
constitute the first and principal duty ol the Hartwell Ohse.rvatoiy, which may he said to have 
already enlisted R Librae, R Sagittarii, and that very curious star IJ Geminorum. 

III. Planetoids, or Asteroids. A senrcli for more of these very interesting hodios — of which 
Hestia already chums Hartwell for continuous notice — is also a great object for the largc^ telescope, 
since from the recent iliscovcrics they must now be sought for among stars of the faintest magnitudiis: 
but this work may almost be included luidcr article 11. , especially if Mr. Pogson completes his 
impoitant 

ly. Sidereal Charts, as they connect those of the RegeuPs Park Observatory and the Berlin 
Academy; and contain aU stars down to the 12 th magnitude. This is severe work for the eyes, but 
as it can only be advantageously pursued during the lost and first quarters of the moon, the intcmils 
will admit of attention being given to another branch of the highest sidereal interest, namely, tho 

V. Double Stars, of which tlioso in the “ Cycle of Celestial Objects known to be bhuuy, or 
suspected of being so, may bo watched Irom time to time; especially as many of them were 
re-measured at Hartwell. Yet, No. II. of these terms being the intended main guerdon of the 
establishment, this kind of observation may be confined to the stars in that Catalogue — tho primary 
of each system having been registered at Palermo, by the Abbate Piazza, 
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VI. In tlie coiii’sc of tlie labours here instanced, Mr. Pogson can use bis own discretion in tlic 
instrumental means under bis ebarge, and as to tbc form of bis reductions: but as 7 Virginis bas 
been observed so long with the Ilartwcll equatoreal and wire-micrometer, it is advisal>lc to repeat 
such measures at each apparition, for comparisons inter se, even if the roclc-ciystal prisms are also 
applied. And all the results and documents of every description relative to the observatory work, 
are to remain tlie property of Dr. Lee. 

These conditions were dnly signed under my cognisance : and the importance 
of the appointment is as unquestionable, as the looming harvest is desirable. 
Such being the agreement, we may close the present chapter with a tail-piece 
representing the outside view, from the south, of the observatory, of whicli 
Mr. Pogson thus assumed the command. 




CHAPTER m. 


THE TRANSIT ROOM AND INSTRUMENT. 


Chaldean SliepherdB, ranging trnckleRS fields, 
Beneath the concave of tmclouded skies 
Spread like a sea, in honndlcss solitude, 
Look’d on the Polar Stab, as on a guide. 

WonnswoRTU. 


Prom the sloping nature of the ground on which Hartwell House stands, 
and the mass of trees in the south and west quarters, the site was not very 
promising for an observatory of general capacity. After much examination, 1 
at last recommended that a transit-room should he built at the south-east 
angle of the mansion, where a meridian could be commanded at all times, 
from the lower passage of Capella on the north, to the southing of Pomalliaut : 
and in this I proposed that the moon and moon-culminating stars should b(j 
observed as regularly as chcumstances would admit of, by means of a well- 
mounted five-foot transit telescope ; albeit, but for such an exigence, I am averse 
to seeing so large a meridian-instrument in the hands of an amateur. 

There was another advantage attending the choice of this spot, namely, that, 
by converting one of the mansion windows into a door-way, the library and 
the observatory would be conjoined. This is no small luxury for a private 
establishment, where there is no necessity for constant application, or con- 
tinuous work — ^hJke that of turning a cutler’s wheel. It often happens that 
there are intervals between the observations on the agenda for the evening; 
and frequently as well as suddenly the weather varies for a time, with a 
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promise of clearing ofiP again. Now in such, cases here would he a desirable 
and pleasing retreat from the instruments into " The House of Treasures/’ as 
Ezra happily termed the depository of books and documents. Herein are 
found the solid productions of philosophers and men of sound acquirements 
in all the scientific branches; works so especially dear to those who observe 
the golden rule, of asking no questions on those points which they can find 
out for themselves, and thereby nail the memory. This is the true use of 
books, those silent friends, of the value of which Daniel Hoinsius (cUed hy poor 
Burton) said — “ I no sooner come into the library, but I bolt the door to me, 
excluding Lust, Ambition, Avarice, and all such vices, whose nurse is Idlenesse 
the mother of Ignorance, 'and Melancholy her self; and in the very lap of 
Eternity, amongst so many divine souls, I take my seat, with so lofty a spirit 
and sweet content, that I pitty aU our great ones, and rich men, that know 
not this happinesse and Cowley, with a like feeling, exclaimed — 

Hail bank of all past ages ! wlicrc books lie 

T’ enrich witli interest posterity I 

The next point was, so to apportion the new structure, that it should 
deform the aspect of the mansion as little as possible : on communicating my 
anxiety on this point to my friend* Mr. Bevan, of Leighton Buzzard, ho 
declared that it would never look half so ugly as the green-houses which he had 
seen against some of our best mansions; •'‘and, after all,” added ho, “who 
would listen to any one who could dare to decry building an observatory P” 

Early in 1831 I opened the trenches by drawing a meridian-line: my 
data were equal altitudes of the sun, taken with a well-adjusted refiecting-circle 
by Troughton, and an artificial horizon, and there was also the time by the 
portable transit. Erom this we raised perpendiculars to strike the angles of 
the south-east corner of the library waU, and, having stumped out the dimen- 


• The late B. Bevan, C.E. died on the 1st of July, 1833. The night of the lunoi’ eclipse was his last : he rose 
from his bed and observed the commencement, but expired during the progress of the phenomenon. 


S2 
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1 +/-V +!■>& ‘*livo rock** of klu-Ciyk 

dons, dug through the sandy mhble down to 

XV 4- -Tat- nlicinff ike foundation upon, as we 
eompout lunestone. for j g H should experience no derange- 

single instrument m view. therefore had a large mass 

rUTt Jto guL against damp, and ^ 

ulktrSrilanT'stonrwr’C erected. 

carried so as not to touch them, while end-play was freey . 

tread of people. This is the cross-section, from north to south ; 



fiCAl.B OB BEST. 


Indeed I must confess that there was no sparing of materials m the con- 
struction, for. though the transit-room is only eighteen feet by twelve - sixteen 
feet in height outside and ten feet five inches inside-with an ante-room o 
eight feet and a hall, there were nearly twenty thousand bricks used, reckonmg 
four thousand five hundred to each rod of work. The flooring was laid to a 
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level with that of the inner apartments of the house, and, the Avail under the 
south-east intervening window being cut away, the observatory and library 
became as it were incorporated, agreeably to the wish and intention already 
alluded to. The ante-room is fitted for the keeping and trininiing of lamps, 
by which the chance of dirt and oil among the necessary books and papers is 
lessened ; and a fiight of steps leads to its flat and well-leaded roof, on which 
the five-foot achromatic telescope was occasionally placed for use. 

!Prom the form of the eastern portion of its wall, and the interior lookers 
fitted on the west, the transit -room is octangular in shape, with its centre cut 
by the north and south Avindows, and the cliax or slit through the roof from the 
north to the south horizontal points. I had made arrangements for the shutter 
which closes this being counterpoised with weights, as in my OAvn at Bedford ; 
but I one day found that a busy-body had suggested lifting it by a crane-necked 
contrivance which I never could approve of, although good John May, formerly 
an armourer in the navy, but now lying in Hartwell churchyard, had made 
it of most unexceptionable materials and workmanship. I submit a represen- 
tation of it as a warning to meddlers, because what is termed at sea an " Irish 
purchase ” is shown by the position of the central pulley ; had it been a little 
lower, the cosine of the chord bctAveen it and the shutter would nearly have 
assumed the maximum state of helplessness. Even now, its chief action is 
that of battering the roof and shaking the ceiling — 
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During the time this transit room was hcing constructed, Mr. Thomas 
Jones, of Charing Cross, was employed in getting the transit-instrument ready, 
under my immediate inspection ; and, as simplicity with capability for duty 
forms a very considerable point with me ia all mechanism, and the workman- 
ship was limited to only what was necessary, it was soon completed. The 
telescope has an aperture of three inches and three quarters, and is sixty 
inches in focal length; it carries two reading circles divided on sUvor and 
furnished with clamps and tangent-screws; and it is efficiently provided with 
a full battery of eye-pieces, sliding plates for them, and rack-work motion to 
moderate the lighting-up of the lines within the telescope. It is borne at the 
centre by two weU-proportioned cones, having a circumference of twenty-five 
inches at the telescope, which terminate in rigorously turned pivots of boll- 
metal of one inch and a quarter in diameter : one of these is perforated and 
fitted with a lens, to communicate the light from a lam};) upon the pier to the 
inner illuminatmg reflector, and from thence to the spider-lines, or wires, at 
the eye-end. These pivots, which are thirty inches apart, rest upon Y’s, also 
made of bell-mctal ; but, whether wisely or not may be questioned, the latter 
are additionally hardened by the introduction of a thin slice of Brazil pebble. 
The bearing of those applies to the whole length of the pivot-cyUndor, whence 
the counterpoising is so regular that the instrument is pointedly steady at every 
altitude in the plane of the meridian. A well-constructed sensitive riding- 
level is placed over the cones when required, and stands upon both pivots ; 
its glass tube is supported by the middle, and not by the ends ; and it is 
furnished with a cross level and screw-adjustments, with counterpoise weight, for 
levelling it at right angles to the main axis. The whole is exactly on the plan 
of that which I had made for myself, and mounted at Bedford, as doscriljed 
in my Celestial Cycle, vol. I. p. 329, from which it only differs in focal length, 
and a Kttle in aperture (see the jplate). It was completed at a cost of 105 Z. 

Meanwliile Mr. B. L. Yulliamy, of Pall Mali, had undertaken to make a 
clock for the transit-room, and a better train of wheel-work cannot be turned 
out of hand ; but the beat is certainly inferior to that of Hardy’s escapement. 
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The frame is a particularly strong one, and all the parts are screwed together. 
The wheels and pinions are cut in very high nunabers, which renders the 
action of the wheel-teeth in the pinions extremely smooth ; and the combi- 
nation is such, that it seems to have all possible means to overcome its own 
friction. The escapement is Graham’s dead-beat, with steel pallets mounted 
in a brass frame : and it will be recollected that the preference for this form 
arises from the dead-beat being so true, that no variation in the clock-train is 
likely to have effect upon the time of oscillation of the pendulum, (iven thougli 
it may alter the extent of it on the arc of vibration. Tlio pallets arc portions 
of a ring, and the fittings of the arms that carry them arc cnthely formed 
by turning. There is an adjustment to the pallets to open and close them, so 
that the teeth of the wheel shall fall safe on the face of tlie pallet, and no more. 
The pivot-holes are all made of fine pan brass, mounted in a setting, and 
the end-shake determined by regulating-screws. The pendulum is suspended 
upon an independent support, entirely detached from the clock, the sole con- 
nexion between wliich and the pendulum is through the medium of the crutch, 
and consists of two adjusting screws. The clock was brought to Hartwell, 
and singularly well fixed, on the 1-lth of November, 1832. 13y the side of its 
solid mahogany case two upright carriages and plates arise, in order to support 
two large brass brackets and stands, on wliicli the lamps are placed for illumi- 
nating the clock’s face; above wliich stands a Hardy’s "noddy.” Its price 
was one hundred guineas, besides incidental expenses. 

As I had used a pendulum contrived, on my own suggestion, by Mr. Jones 
of Charing Cross, and considered that it obviated certain faults in the usual 
stirrup support of a mercurial cylinder, I wished that Hr. Lee’s clock slioidd 
be also fitted with one. Mr. Yulliamy’s assent to this proposal was thus 
expressed to me, in a letter dated June 27th, 1831 

1 am much flattered hy the confidcnco Dr. Lee reposes hi me, and ’will fr[)aTO no pains to make 
sucb a clock as shall give him perfect satisfaction: at least as far as is in my power. 

With regard to the pendulum, after what you have said, I will with much pleasure make it 
as you Te(|uiro; hut I must claim from you the pronuse which you made me when 1 saw your clock 
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at Bedford, of obtaining from Mr. Jones the mode of applying the brass case or covering to tlie 
steel rod. 

You must excuse my making a positive promise as to when the clock shall be done. I 
depend a good deal upon others os well as upon myself, and with the best intentions I frequently 
am lamentably deceived as to the time in which I can execute a piece of work. In this case 1 (cel 
I am under an obligation to you, as well as to Dr. Lee, to get the clock done as soon as practicable', 
consistent with its being well done, and you may rely upon my so doing. 

What chance is there of my (athcr’s fine clock being admitted into your Observatory ? I 
have an idea it would perform uncommonly well. 

The pendtihim thus alluded to, is still in high favour with me after more 
than thirty years* acquaintance with it, and is therefore entitled to especial 
mention. This very simple and effective adaptation consists of a round steel 
rod, long enough to pass through the mercury, and nearly to the bottom of 
the inside of the cylinder containing it. The suspension-piece at the top of the 
rod is a bit of watch-spring, in the usual way : but the lower end of the rod has 
a screw on it about two inches long, the threads of which are each equal to 
one-thirtieth of an inch. This screw works into an appropriate piece £ix(‘d 
to the metal bottom of the cylinder’s interior, thereby allowing sulhciont adjust- 
ment, according as we would compensate for mean or sidereal time : and the 
inside of this recipient is carefully and well coated with cement and gum lac, 
so that the quicksilver can never come in contact vrith the brass surface. 
The steel rod is covered loosely with a thin brass tube, which is pinned to its 
upper end, and passes below to the top of the cylinder, over which is a brass 
cover with a slit at its side, embracing a pin which projects from the cylinder’s 
outer surface. The broad edge of the cap is engraved and divided into one 
hundred and twenty parts ; and, as the pendulum-screw has thirty threads 
in the inch, it is evident that the unit of the scale by which the cylinder with 
its mercury may be raised or lowered, is the -g-innr of steel point 

for marking the arc of vibration is fixed on the bottom of the cylinder ; and 
there are screws for the necessary adjustments. 

As the excellence of the mercurial pendulum depends on the relative 
action of the steel rod and the quicksilver, it is evident in tliis instrument 
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that thoy are in constant communication ^vith each other, for fuU six inches of 
the rod is always immersed in the mercury, wliich is not the case in the 
usual construction, where they are never in contact. Moreover, both the rod 
and the mercury are covered with the same material, which gives them a fair 
chance of acting together ; whereas in the stirnip-construction the quick- 
silver is contained in a glass vessel— a bad conductor of temperature, wMe 
the rod is naked and exposed to the air. Hence the rod may undergo many 
changes of heat and cold that the mercury is defended from; and the addi- 
tional hamper which the old construction requires, must occasion a greater 
drao-, however difficult it may he to appreciate the amount of such an effect. 

Another point in which I have been rather nice in a clock’s performance 
is the weight, which is often sufficiently rude to wear the pallets and endanger 
the pendulum spring. I therefore directed one to be made in clivers cylindrical 
pieces, like my own, so as to he capable of being adjusted to any quantity 
between four pounds and nine pounds, within one quarter of an ounce. If a 
pendulum vibrates two degrees on each side of the zero point of the arc, that 
marks as much weight probably as ought to be employed permanently: at 
the same time there is no objection to enlarging the arc of vibration, by 
increasmg the maintaining power to a certain extent. In the Hartwell clock 
I found that, with seven pounds one ounce, the pendulum vibrated one degree 
lifty-four minutes on each side of 0, a range to which it has been confined. 

Much of this will be sufficiently trite to the magnates of practical science ; 
hut that is not altogether the class to whom these remarks are addressed : and 
fortunately it was never intended that the world should be peopled only with 
giants. Leaviag the leaders, therefore, to their experience, knowledge, and 
plenitude of power in the great observatories; we are here only bent upon 
showing any tyro, how he may enjoy the glorious heavens without bewildering 
himself in severe mental and mechanical drudgery, and meet the smiles of 


+ It may bci oa well to aeWise those who meddle with the weights, to stop the clock on such occasions; as the 
pendulum should not on any account be suffered to vibrate when not under the influence of the maintaining powei . 
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Urania without approhension of cncoiuitcving hoi* IVovviis. It is thovoiovc' quitt 
in. place to insist on the advantages which a private establishment of this 
nature obtains, from deducing a due registry of time, and to ])oiut out that the 
keeping an accurate clock-rate is one of the neatest works of a pro])ense ob- 
server. The machines are, to be sure, so admirably constructed now-a-days, 
that little irregularity in the march need be dreaded in an interval of two or 
three days. But such are the impercc^ptiblc alTectiona of escapouieiit and pen- 
dulum, train and its drivers, in impulse and moment uni, that no r(^ally /joalous 
star-gazer ought to leave their errors so long unascertained. Whertb occa- 
sional absence or bad woatlior interpose and prevent a du(^ (^xaminatiou, 
then the goodness of tbo clock must be replied upon ; and it is on this account 
that every practical man should bo provided ivitli mechanism capable^ of .siicli 
good performance, as to aim at excellence. Constructive higciiuity has c.er- 
tainly advanced so near to perfection, humanly s})caking, in this art, that a 
clock of any claim merely requires to be well treated and lookiRl to, and it 
will render the most satisfactory results. 

The clock being fixed, and the transit instrument rigorously drawn into the 
meridian hy reference to the pole and circum- polar stars, it becanui necessary 
to establish permanent points of rolbrence, by which not only the iiuu'Ldian, 
but other adjustments also, might he tested from time to time ; and, as distani 
objects cannot always be scon in the day, and are ])recludc(l at night, 1 
determined upon strengthening Dr. Lee’s moans by two of the morhlian marks, 
of which I had found one so useful at Bedford (See Astronomical Society’s 
Memoirs, vol. iv. p. 648). To mount those with a propriety duo to th(‘ site, 
we had them inserted into blocks of marble cut at Bedford, from drawings 
made by Mrs. Smyth. The north mark is a representation of the Tem])lc^ of 
Janus, as given on a large-brass medal of Nero, inscribtjd J’ACE popitlo 
romlANO terra marique parta janum CLusiT. See my Descriptive Catalogiuj 
of ■ a Cabinet of B»oman Imperial Medals, printed at BecUbrd in 1834, for 
private circulation, page 43; for the coin there described. Number 60, is that 
from which the temple is copied : 


THE TRANSIT ROOM. 


139 



This meridian appliance was suggested to me hy Baron do Zach, on onr 
journey from Genoa to Bologna, to catch the solar annular eclipse of Sep- 
tember 1820. The south mark is exactly the same as the north one,— but il 
is mounted on a miniature of the fa 9 ade of the Temple of Concord at Girgcnti, 
with its central columns omitted for the insertion of the meridian plate . 
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In order to suffer little alteration as possible IVoni (‘orpuseul.-n- or otlin* 
action, these marble temples were placed on stout bascMueni sIch^s tipon tt 
solid brick-work foundation; which last was. for tb(‘, same ivason. earri.Ml n,> 
higher than was absolutely necessary. They wore \)Uuvd n'sixv^livc'ly at tli(‘ 
distance of one hundi^ed feet north and south of the observatory slit ; and tlu‘ 
reference was by means of two lenses, one in each wimlow-sill, ground to 
exactly 100-feet focus, and mounted in brass franu^s with tubes tbrongii tlio 
walls. The marks could of course be readily shown w believer it ndgiit. becotiK' 
necessary, at any hour of the night, by means ol a small band-lainp and a 
simple tin reflector on a stand. 

It happened that, while these arrangements wore in band, Mr. Davies 
Gilbert, late President of the Eoyal Society, eanui on a visit, to Ibnlford, 
and was persuaded to accompany mo to Hartwell, and inspiud. the mnv tili.ser- 
vatory. On being shown the transit instrument, and aecpiainted with the end 
proposed, he warmly approved of the intention: “lor,” said Iu‘, “it may be 
very unexpectedly useful, as stars may be taken luM'i'. wlnm I he sky shall la* 
obscured at tlie regular observatories. And how eiirioiis it. will bc^ if a plaer* 
in Kamscbatka, or China, or other distant region, should havi^ its longitude 
determined some day or other from I[ai*twclir’ Siii(‘(‘. this rmuark was uttc*red. 
Dr. Lee’s records have been ransacked on several occasions, for lu* is (lisp(»s«*d 
to attend to every proper application which is made to hiui. Hut ])erhaps the 
nearest fulfilment of the Gilbei*t prediction was, when tb(‘, bde worthy and hanb 
working Admiral Philip Parker King, E.N. of New South Wales, wlio was a 
visitor at HartweU in August 1849, found eight mooii-culmiiiatiug stars — 
corresponding to those he had observed m Australia, in tin', years IHl-n, (h 
and 7,— which he had in vain endeavoured to obtain (‘Isiwvbm'c 


In this recollection, I am not insisting on the imwits of inoon-(*uhuinating 
stars beyond values of a certain degree. They are by no means adapted 
for determinating small differences of longitude with precision; for wliicli 
nothing under one hundred complete sets, namely, lifty of (‘acli limb of tlu* 
moon, should he attempted. With a fixed transit instrunumt the (h'tHuiwich 
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clock-stars may be used as culmiiiators, tbougb they are not, as udtb tbe 
selected stars, equally above and below tbe moon; and, in all cases of small 
arcs, a single journey witb a batch of chronometers will yield the longitude 
better than one hundred transits of the moon, which would occupy perhaps a 
couple of years, besides being attended with great trouble of computation. 
The loDgitude from one lunar culmination is not unfrequently twenty-five 
seconds of time wrong. But, with all the possible imperfections on then head, 
my reason for recommending the consecutive observations of them was on 
account of there having been, about that time, a kind of conventional adoption 


of them in the observatories of Europe. 

Although Mr. Maclear— the present distinguished Astronomer-Eoyal of the 
Cape of Good Hope— and myself got a good arc between Biggleswade and 
Bedford by their means, as shown in the Memoirs of the Eoyal Astronomical 
Society, vol. iv. p. 664 , still, on several computations, I found that the results 
for such small differences would inevitably be anomalous. But this does not 
apply to larger ai*cs: there, while other methods imght err greatly, or be 
seldom available, the moon-culminators are not affected with greater errors 
and unceid;ainties than in the small distances. Yet, in aE cases demanding 
implicit faith, a large number of weE-taken observations of both bmbs must 

be accumulated for discussion. 

Before (lotting this meridian-room it may he as weU to make allusion o 
the new mode of taking the transits of culminating bodies, so meritorious y 
udontod hy our trans-Atlantie brethren, hut so hastily therefore designated 
the “ American method for, if by that name it is to be considered an American 
invention, a reclamation must be made. In doing this I will not proceed by 
cdtuig the crude hints of fancy and vague suggestions, or hy conjuring up a u- 
nons in unproduceable letters from A to B: my averm^t shall rest jon 
public exliibitions and public experiments pubhely reported m the o ci 
Lords of public societies; and which were published and mrci^ted hi-oi^h- 
out the wLd, several years before the said method was used on the other 

side of the Atlantic. 
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Among the various applications which the aMlful Professor Wlieatstone * 
has made of the principles of his electro-magnetic telegraph for different soi- 
entifio and industrial purposes, he described to me the means by which he 
enabled the time of a single clock to be shown simultaneously in a great 
number of places, or in other words to telegraph ^e instead of talk. He then 
folly explained that which I afterwards saw in action, namely, the wheel for 
making and breaking the circuit, and the action on it by the arbor of a dock, 
which forms the main feature of reciprocating motions. This chronosoopc, or, 
as the Professor then called it, telegraph dock, was described in the BvXlelin 
de VAcademie Boyal de Bruxelles for October, 1840, by M. Add. Qudtolet, 
the able Director of the Belgio Observatory. Prom that description I will 
here submit an unanswerable passage — 


Sous lo point do vuo soientifique, los r&ultata qu’on pout roouoiUir dos tfli-graplios eketriquoa 
do M. Wheatstone sont immonses. Ainsi, pour los looalltds per oh passers la ligno tflhm-aphiquo 
U .Utmnmatwn des lonyitudes, I'uno dca opdations Ics jilus dolicatcs do I’astronoimo pratidue’ 
n’offi™ plus la moindro diffioultd. DWo autre part, d'aprds uno disposition porticulihre, uno 
poudulo pout donnor I’hcuro h louto mo maison, h touto uno villo, mhmo h tout un pays: lea 
]iondules auxihaircs qui marquont los houi-os, los minutes, los sooondca aux mDme instants quo la 
poudulo rcgulatnco, no so oompoaent quo d’un simple oodnm: aussi M. Wlieatstone los nouuuo 
sriuolottoa dca ponduloa. L’auteur oompto aussi employer sos proedde's pour mosmxT avoc 
imo preorsiou qu’il oroit pouvoir porter dun centidmo do soeonde, lo vilosso dos projectiles II 
somit dilBoao do Umitor los applications auxquollcs so prdtoiont Ics ingdnioux apparoUs du M Wheat- 
smno. Ndanmoins I’un dos plus beau titros soieutifiques do I’auteur, sera toujoiu-s d’avoir mesurd 
rinoroyahlc vrtossc du fluido dlooti-iquo qu’il devait employer si hourousoment plus tord. 


Tins gealleman, the most remarkable inveuter of our day, tas had much obfuscalion to put up rrith Theu..b 
he 1 = imdoubtedly the tot eoutrwer of the Eleotrio Telegraph iu the form rrhich made itavaLlefor pop ^ 

uMef V I Stereoscope was oled Td 

mbbled-al, and his sub-marme Telegraph, of which he showed me plans, and publicly eapWnod t^details 

upw^s of eighteen yome a^, hjm been aU but smothered in other names, hence L AbL Moignorin^his 
* Tilegraphe Elcclngm, pointedly eays, “ Jlf. <Juo(sM miit nraioucA da 1840 aw M. 1 T f 

ToMadaiela mr." I am not aCaroTany 
^okooyet sittingiipon hi. inoomparably simple Polar Olook, though mrasion may be looked for. Ma apatta m wjl 

Time IS a great adjuster of these anomalies I ^ 

Two papers by Whsatatone on eleotrieal subjects ought to bo roeommoudod to the reader, namely “Eaneri 
monte to delormino the rolooity of Electricity, and the duration of eleotrio light (1884) , ” and “ New instmiTonls 

andproeeoae8fordetermmmgtheoonBtnntsofnVoltoloCiionit(la43).” new instruments 
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Inventions wMch are based on experiment cannot — like Minerva start 
into the world armed at aU points ; it is therefore not in my power to state how 
long the above-mentioned matters may have been in hand before they were 
thus communicated. Enough, however, remains for the ends of justice, for I 
had frequently the pleasure of discussing these topics with Wheatstone, he 
ever being liberally communicative. In November, 1840, 1 was present when 
Ilia clocks were shown in full action and described, not to an unciteable 
individual, but to a large meeting of Eellows and Visitors of the Eoyal Society, 
under aU the scope the various rooms of their apartments would admit of. The 
description then given was pubhshed at the time in the authorised “Proceed- 
ings ” of that body, and the inventor’s view is thus expressed 


The object of the apparatus forming the subject of this communication is stated^ by the author 
to bo that of enabling a single clock to indicate exactly the same time in as many different places, 
distant from each other, ua maybe required. Thus, in an astronomical obse^ato^, every room 
may be furnished with an instrument simple in its construction, and therefore httle hable to 
derangement, and of trilling cost, which shall indicate the time, and beat_ dead seconds mdibly, 
with the same precision as the standard astronomical clock with wHch it is connected, thus ob- 
viating tho necessity of having several clocks, and diminishing the trouble ofwmdmg up and 
regulating them separately. 

At or about this time he also recommended some further appliances for 
astronomical purposes, hy which the ohronoscope became a chronograph; and, 
to my personal knowledge, he strongly urged to some leading astronomers 
its importance for registering transit-ohserrations. Purther notices of his m- 
vontion appeared in the Bulletin of the Brussells Academy for May 1843, 
tho Electrical Magazine for October 1844, and the Comptes Bendus of the 
Academy of Sdenoes at Paris for May 26th. 1846. Now the tot attempt to 
detennine a longitude in America hy means of the deotric telegraph, n^dy, 
that between Washington and Baltimore, was conducted hy Captam Wilk^ 
in June 1844, four years after Wheatstone had been endeayoumig to mate 
European .mom to the step, and after the praoticahiHty of it was pubhshed 
to the world. This is not exactly the arena for a lengthy discussion of the 
subject ; but. with great regard for my friends the Bonds, and all due respect 
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for tlie Lockos and Mitcliells in tlieir laudable exertions as to noting the passages 
ot celestial objects oyer the meridian of a place by the agency of a galvanic 
carrentj I feel compelled to rednec their noble to ninepcnco. Armed with a 
perfect recollection of facts, and supported by indubitable documents, I there- 
fore lodge a hearty protest in favour of Wheatstone’s priority of invention; 
^^^d I ratify my declaration with this T68um4 of the argument : 

It ia clear from various official published records that, so early as 1840, long bciforc the 
Americans had moved in the matter, Profei^or 'Wheatstone had sciiously proposed the application 
ol the electric telegraph to determino terrestrial longitudes, had openly mounted the eleelro-mug- 
nctic clock by which the apparent time at different stations might be accurately compared, and hiid 

c,onstructcd an clcctro-inugnotic chronoscope, l)y which the most minute diJOTorcnces of time mi<dit ho 
dctcrniiucd. ^ 

These inventions were first announced in the Bulletin of the Academy of Brusscils (i)r 
October, 1840. The description of the elcctro-nuiguetic clock was published in tlie rrocisedings of 
the lioyal Society lor Novomher the 26th, 1840, and that of different eloctro-magnetic chrono- 
scojies in the Coinptcs Eendus of the French Academy of Sciences for May 16, 1845. "Hie hitter 
also contains tlie description of an instrument similar to those sinee used by the Amei'icaiis m their 
transit observations after 1849.* 

Ziberavi cmimum meum I but a word more upon tlio subject of catcliing 
a transit under untoward circumstances. On ^risiting Oxford some time ago, 1 
found that Mr. Johnson had fitted a simple apparatus to his transit-clock, 
in order to insiu’e the hearing of its beat in windy weather, or under accidental 
noises ; and, on making a trial, I was satisfied of its utility in certain cases. 
Mr. E. C. Carrington, acting by Johnson’s advice, had also procured and used 
one ; and, in answer to an inquhy which I made, replied, » I found it of the 


^ I am but mdifleronl authority on the point, yet I must confess, ohservaloriaily speaking, that at present T soc little 
moren tho.Wop.ph th«. . ™st tagonloo. ploco of .ochaoi.., for, oo fao I f ,ot ktw, I col TvoItaW 

oony. Ihough Iho ^ronograph may rare poraonal oqoabon aud show aprobohle orror, sooh errors aro not rommoa 
m Wr reg.sw A tolerahle nighfe obserratiems will reqaire a couple of h„™ ^14 00,1 "IZ™™ 

to rente graphical eapreesions mlo figurea, a part ef He practice, howeTcr, which i, rtill susraplible of improve-’ 
raent. Moreover it is still to be shown that the nerves of thp pvp nnfi j. • ■ ^ ^ 

tion se those between the eye and the anger. ^ 

have °r i* « degant and wonderfid convenience to 

The appUeeZTetlUrrTZtr Z ““ 
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f^roatest uso at Durliam in high wind, and whenever there was a general noise of 
any kind.” Wishing therefore to know something more about it, I addressed to 
the Radoliffe Observer these queries, namely : 1. Are you the inventor of what I 
sliall now call the Searmg Tube ? 2. Of what material is it made, and how ? 
3. Is it easily procurable and reasonable in price? 4. How do you apply it 
when observing ? 6. How have you found it answer in practice ? To these 

questions he answered, June 19th, 1868, as follows: — 

In reply to your curt and pithy inquiry about the Hearing Tube — 

L I know of no precediug application specially to a transit-clock; but I take it that the 
inventor of the ordinary hearing apparatus may partly claim the merit of this also ; and he is quite 
welcome. 

2. It is of the same material as the ordinary heaxiug tube — vulcanized India-rubber — with an 
iron spring running tlirough; the spring, in our case, might, I think, be advantageously dispensed 
with. Carrington’s is a length of gutta-percha tubing, of about half-inch bore. 

3. The cost is trifling, and witlr the alteration suggested above it would be still cheaper. But 
tbe saucers, of which I shall next speak, were made of ivory for Carrington. 

4. At the ends of my tube two, nearly flat, saucers of wood are attached, having a hole in their 
centres for the passage of sound. One of these saucers slips into a frame or socket screwed upon the 
clock-case. Tlic other end the observer holds to his ear. We found it was unnecessary to perforate 
tlie clock-case. 

5. I have olten saved an observation by means of it when the clock beat would have been 
inaudible. It requires a little practice, since the disturbing noise of course will come into both ears 
of the observer, and the tube is applied only to one. I had a small hole cut in my observing-cap, 
with a little frame made of card-board, covered with silk, sewn on the outside of the cap. Into this 
(raiuc I used to place the saucer at tlie end of the tube, and slip the cap on my head till the orifice 
of the saucer came opposite my ear. In doing this I also, of course, covered my other ear; wliich 
served in some degree to drown the sound of the wind, or other disturbance I wished to avoid ; but 
to do so more completely, I used to put my hand to my disengaged ear when in the act of 

observing. 

This certainly was not so agreeable as if you had no appendages about you; but it was a case 
of being able to do anything or nothing. I never was beaten by any other noise than that of a train 
passing on the railway at 600 yards off. This is my own experience, and I won’t answer for any 
body else. 1 may add, that it was necessary sometimes to press the saucer to my ear closer than it 
would have been if left attached only to the cap. In this case I used, when looking towards the 
zenith, to lay my note-book on my chest. If observing towards the horizon, the book may be easily 
hedd in the hand at the same time that you are pressing the end of the tube to your ear. 

It is to be hoped with the lamented Johnson’s lucid explanation, and the 


17 
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sahjoiiicd illuatratiye sketoli by Mrs. Smyth, that the amateur who is desirous 
of applying the Hearing Tube will readily accomplish it : and the importance 
oP affording every aid to the operation of securing a good passage over the wires 
will become evident on reading the able essay of Dr. T. E. Eobinson, of Armagh, 
on the “ Probable Errors of the Eye and Ear in Transit Observations.” During 
the passage of a celestial body, the ear counts the clock beats, wliile the eye 
watches and notes the distances of the star from the wire at the beats which 
precede and follow its orderly march across the field : “ and thus,” he remarks, 
“ the mind estimates the fraction of the seconds from the relative position of 
tlirec points ; all existing in memory alone, when that estimation is made.” 




CHAPTER IT. 


THE EQUATORBAL TOWER AND TELESCOPE. 


“ What crowd is this ? what have we here ! we must not pass it by ; 

A TkijEscope upon its frame, and pointed to the sky."* 

WOEDSWORTH. 

NoTWiTiiSTANDiNa that contentment is a yirtue much vaunted in morals, it has 
not acc[uirGd great esteem in the sciences : nor was it more than three years 
alter Imilding his transit-room, and furnishing himself with the beautiful five- 
foot toloscopo, that Dr. Lee compassed the enlargement of his astronomical 
moans, hy purchasing a splendid object-glass, of five inches and eight-tenths 
in diameter. On his making this acquisition, I was again consulted as to 
adding an equatoreal tower to the meridian observatory. I had, to he sure, 
sundry scruples on the occasion, inasmuch as the site, though very excellent 
for a meridian instrument, was extremely inapplicable for one which would 
be expected to sweep around : and I moreover maintained that the finely -figured 
five-foot achromatic with which I had supplied him was fully equal to 


* 'i’lio poet telle ub that this teleueope waa placed iu “ LeiceBter’e busy square " a square which T passed one 
fair night with some A 1 Astronomers, on our return from an evening meeting. Here we found a scene exactly 
as that described in the “ Star-Gazers and, on making inquiry, we find the " Showman’s ” charges were— 
“twopence for the Moon, and fourpence for Jupiter.” This is surely reasonable enough to invite all to a peep ; yet 
1 have known educated elders not ashamed of avowing, that tiey had never viewed, a planet through a telescope! 

By the way, while alluding to this poem, I am not likely to forget that when, in July 1838, 1 had the honour 
of having an honorary degree conferred on me at Oxford, I marched into the theatre between Astronomy and 
Poetry-Ilorsohel and Wordsworth, with both of whom I had had many years of acquaintance-and we were all 
“ doctored " together ; my learned friend the Chevalier Bunsen, of Prussia, being also one of the batch. 
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occultationsj eclipses, and all the extra-meridional requirements of the place. 
However, after a reasonable time, I withdrew my opposition, and considered 
the conditions of the problem with attention. In the first place the new 
object-glass, which had nothing but its brass cell, was carried to Mr. Dollond, 
with a view to its being armed with eye-pieces, and mounted precisely in 
the manner of mine at Bedford. We then took steps for fi.tting the tower 
symmetrically to the observatory, so as to form, as it were, a part of the 
original plan ; and its erection was attended with the same amount of care 
and attention to solidity and strength, that had been already adopted in the 
building of the other poiHon. The success of tliis is shewn by the linos 
of the whole building, as they stand at present : — 



SCALS OF F£BT. 


When the addition was thus carried in our synod, I called in the aid of 
my zealous friend Mr. Charles May, then of Ampthill, but afterwards of the well- 
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known house of Ransome and May, of Ipswich, under whose admirable ar- 
rangement the undertaking was finished. Detern^ed that the foundation 
should be equally stable for its purpose with that of the transit, we again 
called sifted Roman cement and the very best brick-work into requisition ; 
and the structure quickly assumed an important appearance. Besides the 
north and south piers for the supports of the polar-axis, a smaller one was run 
up iu the centre, as there was a suggestion for using a smaller instrument there 
occasionally; and the bottom part of the pier-chamber was well fioored with 
brick laid in cement — resting on a bed of concrete and rubble— by which means 
the damp liable to arise from the ground is interrupted. And the following 
is a section through the structure, in a north and south line 



This tower has an interior diameter of fifteen feet, between walls which are 
fourteen inches thick in brick-work, capped with a Portland-stone coping in six- 
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teen stout blocks, for bearing the iron channel and curb for the rollers on which 
the hemispherical dome, rising ten feet higher, turns. By the coping projecting 
outwards, it forms at once a moulding and, by a groove on the upper side, a 
channel for the rain to pass off without running down the wall. A cast 
iron rmg, made also in sixteen pieces, rests upon and is partially imhAr^d^d in 
this capping; the joints are made true, so as practically to be like a single 
castmg. In this is a shallow circular groove four inches and a half wide by 
tliree-quarters of an inch deep, and of the curvature due to a radius of four 
inches, m which three iron balls of six inches and a quarter diameter are placed, 
for the dome to run upon; and it revolves with the greatest smoothness and 
ease to any quarter of the heavens the observer may wish to examine. The 
dome, m form, is almost a hemisphere, and is constructed of fir-wood in several 
tbioknesaeB-^aoh piece about six inches deep by eight inches and a half in 
width— the inner diameter of the dome being fifteen feet four inches. To the 
underside of the aforesaid curve is secured a ring of east iron with a circular 
channel, being the counterpart of that just mentioned. Trom the upper side 
of this curb spring sixteen curved rafters of cast ii-on, the section of which 
is that of a -r, and the upper ends of these meet against a cast-iron ring of 
about three feet diameter : fifteen other intermediate rafters of Rimila,. section, 
but shorter, abut at their upper ends against cross-pieces connecting the fifteen 
main rafters, the sixteenth being left out to form a clear opening for view. 
The rafters are filled in between with two inches and a half battens, jointed 
straight, rabbeted in their length, and the ends meeting at the back of the 
rafters, where they are firmly screwed upon the back ribs of the sa.mA 
inside of each piece of wood being flat, the whole interior is, of course, polygonal ■ 
but the outside is adsed off to the proper curve, which is covered with thin 
copper sheathing. The opening for observation is continued to the upper ring 
and 18 equal to one-sixteenth of the circumference: the shutter moves on a 
pm at the apex of the dome as a centre, and it is carried at the bottom by 
roUers on a bar flxed to the wood curb; there is also a toothed rack and pinion 
with a handle inside the dome, to give it motion. The shutter itself is one 
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piece of kaniiiiered copper, less than one-eighth of an inch thick, and it has 
a ridge on each side for the purpose of atiflPening it, and to act as a defence 


against rain driving in. 


outward appearance of this dome was greatly 
enhanced by a characteristic star replacing 
the former plain spherical knob. The rays 
of this polygonal star are formed of three- 
sided pyramids of sheet copper, soldered to- 
gether, and the whole strongly gilt, in order 
to stand the weather. The object in having so 
many rays was, that in almost every position 
of the Sun, as regarded the star, some of the 
faces should be visible as reflecting surfaces. 
The ingenious ornament was made by the late 
Mr. Benjamin Bate, of London, at a cost of 
25 ; and after his decease, when his business 
was broken up, Mr, May obtained it by purchase, and most kindly presented 
it to the Hartwell Observatory. 

I have been the more particular in describing this roof, not only on account 
of the great comfort I have experienced under it, but also because the Hartwell 
Dome may very fairly be termed the first development of that latent talent 
for observatory engineering in Mr. May which has since been so unecjuivocally 
manifested in various undertakings for the Astronomer Boyal, Mr. Barclay, 
himself, and others. When I planned my own revolving-roof at Bedford, 
economy led me to construct it of a straight-lined conic shape, instead of 
fashioning the ribs to a semi-circular bearing, as had then generally obtained. 
But in this for Hartwell, where it was more unperatively necessary to consult 
appearances than with me, it was determined in a conclave— consisting of Lee, 
May, and Smyth— that it should be truly hemispherical, should move upon 
three balls, and should open by a single copper shutter from the zemth to the 
waU-plate. And the present efidcient and durable structure was the successful 


About seven years ago, the 
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consequence, in wMcli the roomy space, the strength, and the revolutionary 
principles are all equally admirable. 

This is proved by the fact, that, though the dome has now been com- 
pleted about twenty- three years, it has never required repair or alteration, 
nor has the wet penetrated anywhere. None of the swags between the points 
of support formed by the three balls, which a weaker construction would have 
had to endure, have been known : and, from the firmness and accuracy of the 
wall-plate, these balls were found so little accelerated or retarded respectively 
that the roof was only lifted, for the first time since it was placed, on the 
morning of the 21st of September, 1860, there even then requiring but little 
adjustment, after nearly twelve years of wear and tear — ^nor has it required 
regulation since. The mode of raising tlie roof a few tenths of an inch, just 
enough to release the halls, and admit of fheir full play, whenever it is 
required to restore them to an equidistant position from each other, is by a 
simple, yet eflcient contrivance of Mr. May’s. It is by means of two stout 
little iron windlasses, unattached, and only used when necessary : they each 
consist of a pair of arched plates resembling the head of a large bammer, 
with a stout screw, having a moveable capstan-head, turned by a lever, thus 
affording great power oC lifting in a compact form. 

But, while the tower was thus in full advance, an unexpected interruption 
occurred, which temporarily gave the fine equatoreal room to the five-foot 
achromatic telescope and its tripod stand. Tliis was owing to Mr. Bollond’s 
announcing that, on rigidly testing the large object-glass, he would not recom- 
mend it, as quite worthy of so expensive a mounting as had been proposed ; 
and on our going to his house the painful fact was proved. Still, though 
it did not attain the acme of excellence, it was so far good as to warrant 
a proper apparatus ; I therefore proposed a new and less responsible mode 
of caUing it into action, which was about being adopted, when another circum- 
stance changed its destiny. About the middle of the year 1836, I began 
to perceive that the object for which I had erected an observatory at Bedford, 
(namely, a cycle of objects for Amatores) had advanced to within a limited time 
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of its proper accomplishment ; and Dr. Lee, who had frequently made use of 
my great telescope, and was well acquainted with its high qualities, hccamo a 
candidate for its . possession when the materials for my intended astronomical 
work should he completed. This arrangement was the sooner made, because a 
future continuance of its use in prosecution of certain sidereal inquiries was most 
kindly considerately conceded to me. When, therefore, my round of obser- 
vations was complete, and other affairs called me into G-lamorgansliirc, my 
telescope was promoted from its humble location at Bedford to the s])len(hd 
tower of Hartwell. This very line instrument has been duly described, both' 
in the Mcmoii's of the Boyal Astronomical Society and in my Cycle of Celestial 
Objects ; but the manner of my becoming possessed of the object-glass is best 
told in the words of Sir Jamgs Soutli, who, in a letter to me from Camden Hill, 
of the 5th of October 1821), says— 

I liuvc l)rouglit will) mc! from ilio continent a pi(icc of ilint-gliiss, iipwoi'cls of twelve ino.hen 
(liainotor, wliicli 1 inn going to Imvo nimlo into an objcofc-glaas. 1 riscnllcct Laving proniiHod you 
the rofiiHiil of jny Hix-incli ono, in case I reaolvuil to part witli it; hucL ia now iny inttmtiou. If 
tLcroforo you arc dcairoua of Laving it, pray Jet mo know, an till I Lear from you I aLall not any 
any thing alimit it to anyone olao. I do not moan to part with it for Iosh than ^201. Yon will also 
romoniLcr iliat it Las no nUind ; its c]<mu' ajiortnri! is 6.0 incLos, its tubo ia of Lruaa nn]ioHRLod, it Las 
a Under of largo dimonaions, is provided with illuminator and UgliL-rt'gulating aj)])iiratns, and lins no 
oV(‘-piooofi. I helieve it to bo 'rulloy’s ('liefd’duivre; of this liowovor it Lcoomca mo to s])oiilc with 
caution, us the iiistrunumt Is iiow. AdminiJ ItoaHtsI dosirosLla regards to you and Mrs. Smyth, ns 
(loos also baron Zaclu 

A good six-iucb object-glass was in 1829 almost unique ; and, as I bad 
had an op])ort unity of testing tho performance of the one in question at Mr. 
I’uUey’s, at Islington, I esteoracd myself fortunate in securing tho prize, although 
tho perfection of my 5-foot niado mo hesitate. Tho mounting and equipment 
were instantly proceeded with ; and, though science and practice have success- 
fully laboured to improve cquatoreal movements since that time, I have every 
reason to bo still satisfied with its simplicity, stability, and general porformanco. 
The principle is that of Mr. Jonathan Sisson’s equatoreal-soctor, as described 
by l)r. Vinco ; in which an artificial polar-axis is placed parallel to that of 
the earth, with the houi*-circle adjusted perpendicular to it, and a ti*ue colli- 


X 
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mation ensured. By thus obtaining a revolving axis in tbe same direction 
with the terrestrial one, the attached telescope readily follows any celestial 
body in its arc of revolution, without the trouble of repeated adjustments for 
the continual alterations of elevation, which attend all altitude and azimuth 
methods of mounting.* 

Mr. Bishop’s large telescope in Regent's Park, and Lord Wrottosloy’s in 
Staffordshire, are not only mounted on flie same model, but are actually fur- 
nished with hour and declination circles cast from the moulds which wore cut lor 
me ; and they differ so little in other dimensions that the three may almost 
be termed counterparts of each other, in a conventional point of view. As 
there is nothing like figures for nailing an assertion, the several sizes of these 
appropriate amateurs’ weapons may bo here shown ? — 

inolioH, ft. in. 

Mr. Bishop’fi . . Apm'iure . 7 Focal length . 10 2 

Lord Wrottesloy’s dx>. 7f do. . . 10 9 

Dr. Leo’a . . . do. 6*9 do. ^ 

The liom and declination circles of each, 3 feet in diameter. 

Now the first of these instruments, in the- hands of such adepts as Dawes 
and B^nd, has fully proved the excellence and facility of its worldng, in mea- 
suriug many of the closest double stars in the heavens, in picking up now 
comets, and in adding eleven planets to our system : and, under the able treat- 
ment of Lord 'Wrottesley, the second has produced a systematic moasuromont 
of various double stars, undertaken for the express and diffi.cult purpose of 
investigating the parallax of those awfully distant bodies. 

As this was an amateur experiment of high interest, with double stars, 
and as the discussion was ofiOioialLy referred to me, I may be excused for 


* In usual parlance^ this species of instrument has Sisson’s name attaclied to it, because Dr. Moskelync con- 
sidered the one made for him by that workman to be an improvement upon that made by Henry Ilindley at 
York, in 1741. But a polar-axis, though without the appendage of graduated circles, was used by Christopher 
Scheiner — author of Eosa Ursina — so far back os the year 1620. 
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toucMiig upon it. His Lordship’s object was to obtain sidereal parallax by- 
periodical observations of tbe positions and distances of nineteen stars, each 
carefully selected for tbe purpose, according to tbe suggestions of Sir John 
Herscbel, who showed that, if the component members of a double star occupy 
a certain position with reference to the pole of the ecbptic, and one of them 
be supposed to be situated within a given distance from the Earth, a change 
■will periodically be produced in their relative positions, consequent on the 
motion of the Earth m her orbit. The attempt to ascertain this by a direct 
and continued series of close operations, was liighly honourable to his Lordship’s 
zeal* and talent. Eor the stars selected, and the whole modm operemdi, I must 
refer the inquiring astroineter to the Philosophical Transactions for 1861; 
but, for the general reader, it may sufi0.ee to hear liis Lordship’s peroration : 


Omitting, therefore, the five fltars whoso componenta are of equal magnitude, omitting also 
the four binary stars, and two Comae Bevenieis, and e Dracoiiis (which exhibit differences less than 
tlieir prol)uble errors), this interesting result appeal’s — that, of tlie eight that remain, there is only 
one, that is, 41 Anrigui, the changes in whoso angles, however small and little entitled to confi- 
dence they may he, do not conform in direction to those which wonld hike place, were a scnsihlc 
parallax admitted in the hrigliLcr of the stars thomBclves. 

This is most prohahly only an acoidental coincidence, and I am very far Iroin wis hin g to 
(istimatc it at more than its real worth; hut, in the case of 32 Eridani, and 1 of H 95 , where large, 
and to a certain extent trustworthy, differences concur witli normal directions of motion, it may 
not perhaps be too much to assert, tliat tliis constitutes them ohjocts of interest to the astronomer 
poBSOBS(!d ol adequate means to j)rosecutc an inquiiy wliich, 1 fear, I must he said rather to have 
atU'inpted than to have succeeded in. 

Eor the benefit of forming an accurate opinion upon equatoreals, I have 
examined the telescopes of various observatories ; and especially some of those 
which are termed German mountings, such as those of Mr. Hawes, Mr. Barclay, 
and Mtr*. Peters. Though I class many of these discussions among the difficiles 
nugee of those who hunt in a circle, and hold him to bo a poor observer who 
cannot make the best of whichever of the two he may be provided with — on 
the wholesome axiom hisogna adattarsi—\ certainly prefer the Polar-axis: and 
for those reasons — it admits of the diameters of hour and decimation circles 
being made large enough to brace the telescope, and ensure firmness of clamp 

X 2 
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witli smootliness of worm-action. Besides wMoh., it supports at both ends 
the mechanism in motion, to the lessening of variable stress and diminisliing 
tremors of every kind. But the strictest comparison which I had, was that 
at Oxford. It was on the occasion of my closing accounts, as I then thought, 
with y Virginis, after attending pretty closely to her for twenty years. 
Having completed my measures at Hartwell on the 17 th of April, 1860, I 
immediately started ofP for the BadcHffe Observatory, and arrived in time to 
get some observations of the same star on the evening of the 18th, with the 
grand heliometer by the brothers Ropsold of Hamburgh, which had just been 
got into good action by my energetic friend Mr. M. J. Johnson. This was a 
severe trial of the powers of the Hartwell telescope ; for the holiometor is 
furnished with the best object-glass that Oermany .could furnish, and all the 
appliances attest the assiduity and care of Mertz and Sons. It certainly is a 
splendid instrument, with excehont optical definition, and is, no doubt, des- 
tined to render most important services to physical inquiry. Its object-glass 
is 7*6 inches in diameter, with a focal length of ton feet four inches : the scale 
is read by the illumination of a beautifully contrived application of Grove s 
galvanic heat upon a platinum wire ; the appliances for manipulation are most 
conveniently arranged, and the clock-work driver of the hour-circlo seems about 
as near to perfection as it need to be. Such was the admirable means with 
which Johnson proposed to investigate the knotty problem of stellar parallax, 
on Bessel’s plan ; and I strongly advised him to adopt y Virginis as ono of his 
objects, it being at once eligible on account of its easy position, its comparative 
insularity, and the advantageous figure formed by its immediate comiies. 

But, while thus rendering my meed of admiration to the costly Oxford 
heliometer, I must still repose with confidence in the goodness and trustworthi- 
ness of the telescope I have so long, and, as I trust, pretty successfully, used : 
besides which, it was better adapted to my object and means. The difference 
of mounting between the two instruments will be instantly apparent to the most 
impractised eye, by examining the plate of the equatoreal and the following 
representation of the heliometer, drawn by Mrs. Smyth— 
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.1. Kramo of the dividod objoct-gluBB. 

n, Miorom. hoad of tlio oxtornal Hoalo. 

0. Gradio hearing tho tube, which is turned by the handles M, 
on tho oolloTH e.c. 

D. Position oirolo, whoso slow motion depends on ee, whUe tlie 
(damp and tangent sorows are^y. 

tS. Miontm. microscopos for reading off the interior scale at tho 
ohjeot end, illumined hy galvanism. 

Hod for separating tho object-glass. 

<}. Iron box covoriug tho declination axis. 

WW. ffrlction rollers for relieving this axis. 

JL Declination slow-motion handle, and as its screws. 

IC, Itod for clamping tho declination (tho clamp is not seen.) 


LL. Declination circle. 

ilT. One of tho reading microscopes of ditto; the instrument is 
roughly set by the wooden bandies. 

NN, Part of tho course of tho galvanic communication. 

PP. Oounterpoises for the declination and AR axes. 

RR, Hour circle. 

8. One of its miorom. microscopes. 

T. Clock for carrying the instrument. 
t. Rod for setting the clock going. 

11 . Rod for regulating its rate. 

X. Rod for connecting it with the hour circle. 
y. Clock weight. 

ZZZ. Box containing the polar axis. 
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To return to Hartwell. The equatoreal-room is furnished with a chrono- 
meter compensated for sidereal time, and having a stop second hand, with a 
leaping- spring, for observing occultations and the like phenomena. There is 
also a simple and sonorous “journeyman,” which was constructed for the late 
Colonel Beaufoy, and can readUy be put in heat with the transit-clock when 
required. The telescope adjuncts — as eye-pieces, micrometers, shades, fog-tubes, 
&c. — are the same which have been already described at page 163. The 
equatoreal clock-motion invented by the Bev. Bichard Sheepshanks, and pi*c- 
sented to me by him, is also fixed in this tower, with its governor, preventing 
the jerking or grinding, which a^ vibratory pendulum would inevitably occasion ; 
for, as the force on the train increases the velocity of the balls of the governor, 
they expand, or further fiy out, and thereby inci*ease their momeiit of inertia 
or resistance to motion. Mr. Sheepshanks called the adaptation a “ conical 
pendulum,” because the rod of each ball describes a cone as it revolves : others 
designate it a “ vertical pendulum,” — a case in which utrmi horimi, 8fC. is 
applicable.* It has lately been improved upon. 

Having been questioned at Woolwich as to why I made no mention, 
in the Celestial Cycle, of Professor Barlow’s fiuid object-glass, although its 
properties had been referred by the Boyal Society to Horschel, Airy, and 
myself, a word of enrolment may be necessary for the general inquii’cr as to 
the various suggestions for the advancement of telescopic astronomy, in the 
first place, I considered the experiment related rather to a temporary expedient 
than to a permanent instrument, nor was the principle now, though its modi- 
fication was ingenious and highly creditable to the Professor. In the year 1832, 
however, when this inquiry was ordered, public expectation was rather oxtra- 


* A large end -well-constructed model of this obseryatory, -mth^its inatrumenta, was aent by Dr. Loo to the grand 
Exposition of 1866, at Paris ; after which it was presented, through the Abb^ Moigno, to the Observatory in the Jardin 
des Plantes. The receipt of this present, displaying the astronomical establishment of an English gentleman, was 
courteously acknowledged by Mens, Le Terrier, of Neptunian renown, in a letter dated 13th of November, 1866. 
The model was the work of the village carpenters, George and Charles Carter, father and son ; and the Equatoreal, 
Transit, and Clock were accurate reductions by George DoUond, at a cost of 46Z. 10s. 
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vacant in anticipating fluid object-glasses of enormous diameter and small price ; 
but the 8-inch one before us cost the Ejoyal Society, under whose direction it 
was made, Wll. 10s. It will also be recollected that this scheme was brought 
forward just at the time when Paraday, whose time was surcharged with 
other matters, had declined to investigate the maJdng of glass of a superior 
quality for optical purposes. “The best step,” said he to me, “to ensure im- 
provement will be to take off the Excise duty ! ” To satisfy curiosity on the 
point in question, I shall place the Official Eeport in the Appendix to this 
volmno, to spealt for itself. 

With regard to the principle, it is difficult to assign the pahn, since the 
information respecting it must be so scattered that it is no easy matter to trace 
the suggestions. It is now more than a -century ago since John Eollond 
constructed an object-glass containing pure water, in hopes that equal and 
opposite refractions of the liquid and the glass would destroy colour ; but, though 
the object seen through it was indeed free from colour, it was by no means 
so distinct as was expected, and consequently the spherical aberration yet re- 
mained. The trial however led to the adoption of other means, and they 
wore followed by that beneficial result — the Achromatic Telescope— by which, 
and its being used by able men to the best advantage, the conceptions of mind 
have been advanced and enlarged. But the wish for a fluid object-glass was 
not abandoned. Mr. Benjamin Martin, the well-known mathematician and me- 
chanic, whoso contrivance for drawing out telescope tubes proved so useful to the 
Tulleys, is said to have constructed an instrument which, by the successful use 
of a peculiar fiuid, succeeded better than that of his friend Dollond. This was 
about the year 1765, and certainly few men of that day could have been better 
versed in the doctrine of telescopic aberrations, as they relate to practice, than 
tlio industrious but unfortunate Martin. I am not aware whether this fluid- 
correcting lens is mentioned in any of the numerous philosophical works which 
he published, but the elder TuUey thought it was in existence in 1820. About 
tlio year 1787, Dr. B. Blair, then Professor of Astronomy in the University 
of Edinburgh, made many ingenious experiments with a view to ascertain 
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the dispersive powers of different liquids. On the strength of the result of 
these trials Mr. Uobert Blair, a naval surgeon, took out a patent in 1791 for 
securmg to himself the advantage to be derived from using a fluid medium in 
conjunction with glass, to correct the prismatic aberration in the object-glass 
of a refractor, agreeably to the researches of Br. Robert Blair. Except a poor 
attempt by a friend of miue, the matter slumbered for nearly forty years ; when 
attention and hope were suddenly attracted by Professor Barlow’s 'application 
of the sulphuret of carbon, decidedly the best medium ever employed for such 
a purpose, as not haviug so much glare of false light, which so sadly mterfercs 
with the definition of most giant reflectors. 

Siuce the Cycle was published, material steps have been made in the con- 
struction of efdcient achromatic telescopes of superior size, before the power 
of which fresh wonders arise, and many of the abnormal phenomena disai)poar. 
Such are the concentrated forces drawn from the dark flint and the grams ol 
sand; but it is well known that large metallic reflectors can be made mor(i. 
easily, and at leas coat, than refractors of great aperture— tho latter being 
extremely expensive, and therefore valued in proportion to the cubes ol their 
diameters. A knowledge of this induced Lord Rosse to beatii' himsoll’ in th(^ 
cause of science ; and as the noble Earl brought a large amount of mathenui- 
tical and mechanical skill into the field, strengthened with a rare union of zeal 
and perseverance, his efforts were attended with complete succors. His Loi*d- 
ship commenced with what is now termed his small telescope, that is, a speculum 
three feet in diameter ; but this was many years ago, for it is over a ([uarter 
of a century since he described— and admirably described— the process then in 
hand, at my house in Bedford. The result of the enterprise was one of the 
best figured mirrors, and the most perfect reflecting instruments, hithei’to 
produced ; and the effect it had on the nebulae, even those which liad encoun- 
tered the eagle-gaze and great power of Sir William Herschel, was truly asto- 
nishing. By the talent and taste of Lady Rosse, I am enabled to place its 
resemblance here ; and, small as the figure in the observing gallery necessarily 
is, there will be no difidculty in identifying it 
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Between the times of Sir "William Herschel and the Earl of Bosse, another 
peer of the realm had been walking the same course, or, as is most incor- 
rectly, but very commonly said, moying in the same sphere. Tins was Charles, 
Earl Stanhope, a personage equally celebrated for mechanical inventions and 
scientific researches. Having heard from some of his contemporaries, long 
ago, that his Lordship had not only compassed, but actually commenced 
the making of a very large reflecting telescope, and being unable to gather 
accurate details elsewhere, I wrote to my friend the present Earl, the distin- 
guished historian, for information on the point. His Lordship, as is usual 
with him, promptly answered my inquiry, from Ohevening, 18 th October, ISfiV, 
in these terms : — 


T 
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It is quite trae, as you have been informed, that my grandfather had intended to construct a 
now telescope upon a different principle, and of a much larger size than any which existed at that 
time. It was to have been made under his eye by Mr. Varley, a gentleman of some note in 
science, whom he retained in his employment, and in his house, witli a yearly salary. 

The design was, however, interrupted by his last illness. I do not know that any acdual pro- 
gress had been made in the work, beyond the acquisition of a large quantity of mahogany, which 
was found ready prepared for that oliject at his death. 

His Lordship forwarded me some documents, selected from among his 
grandfather’s papers on the subject, adding, “ Pray also at the same time 
accept a sTYm.11 Centenary Almanac of his designing,* which you will lilcewiso 
find inclosed.” On inspecting the records thus entrusted to me, I found a 
letter addressed to the Hev. John North, of Ashdon, near Saffron Walden, in 
1809, mentioning that he had discovered the way of obtaining in a reficctiiig 
telescope wider than long — say 36 inches aperture by 30 in length great 
distinctness with a fiood of light, though under high magnit'ying powers. 
This telescope moreover, when the object is placed where the image of a dis- 
tant one is formed, would act as a powerful microscrope, and also prove a 
most powerful burning mirror ; while, as a night-glass, it would bo superior, 
because possessing fifty-times as much light as the best achromettic. In this 
letter he mentions his intention of erecting, at Olievening, the grandest tele- 
scope “ever beheld by the eyes of manl” And this is the design towards 
which my inquiry was bent, for I had heard of it from Mr. llemiie. Hr. Wol- 
laston, Sir Humphry Havy, and Thomas Jones the mechanician, who all 
agreed that it was to have been a huge monster of enormous aperUuo. Of 
this, as impressed on my memory, I can find no trace; but in a letter from 
Ohevening House, 28th January, 1816, to the same gentleman, who was also 
addicted to optics, the Earl says, “Your plan and mine are distinctly different, 
though some few of our ideas coincide,” and he proceeds — 

My telescope has no eyc-liolc; bnt only an eye-placer, two inches in diameter, 



* This Kalendar was invented by Charles, then Lord Mahon, in 1777 ; and it was continued from 18fi8 for 
another 100 years, by his great-grandson, Edward, now Lord Mahon, in his si.'cteenth year; a copy of which was 
also kindly forwarded for iny acceptance. 
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to tuko in the wliolo eye, and it meets the cheek, &c. all round ; being duly shaped Tor the purpose, 
so as to exclude all side-light. Here we agree, so far as to reject those absurd consumers of light 
and iiiHectors of rays, viz. the small eye-holes. 1 Ibund it out many years ago, merely by looking 
in succession through holes having no lenses, such as — o o o O O O O Oj 

We differ as to the small metal, and the hole in the large one. 1 have no sinidl metal, and no 
hole in my large one. By very curious and decisive experiments, and qidte new, I have settled 
that the diameter of the speculum should be only about -^^th part, at most, of its focal distance, for 
high powers, where not mere light but great distinctness shall be required. jVly two telescopes — 
now about to be built on the exact plan of that ah’eady executed by my own workmen and mysell 
at this place — will be for the concave speculum of 10 inches diameter in the clear, with 40 I'eet 
focus; and for the one of 30 inches in the clear, 120 feet focus. These instruments, noLwithstjinding 
their large size, will be managed with the utmost facility, upon tlie new plan that 1 have in vented 
and executed. By a most unanswerable exjjerimcnt 1 have proved, that, by the specific means 
will eh 1 use, a cii’cidar aperture of ordy threc-quai’ters of an inch in diameter is capable ol’ convey- 
uig sufficient light for a magnifying power of 300 times, wliich is tlie same as an increase of area ol‘ 
90,000 times. I behove this is new. The hght in my largest telescope will be 1,600 times 
greater I 

And here the strenuous and suecessful' exertions of my friend Mr. 
William Lassell must be noticed, for no one can have exhibited more earnest- 
ness ol pui'pose, kaowledge of whatever he took in hand, or readiness of general 
resource, tlian he has done : tethered with the cares of business, his scientific 
ardour romamed undamped, and he has exhibited equal skill in malting and 
in using his instruments. In 1840 he erected an observatory at Starfield, 
near Liverpool, of which the chief feature was a Newtonian reflector of 0 
inches clear aperture, with a focal length of 112 inches; but, determined 
upon employing stiH larger means for his celestial researches, Mr. Lassell 
soon afterwards surprised the scientific world with another grand specimen 
of his handiwork, in a refiector of 2 feet in diameter and 20-feet focus— con- 
stituting the largest equatoreal instrument in the world. Unsatiated with the 
discovery of a new Saturnian satellite, the re-production of those of Uranus, 
the timely satellite of Neptune, and other happy results of his explorations 
with this telescope, our energetic astronomer soon contemplated the making 
of another of still larger dimensions, also for a parallactic mounting : and, shortly 
after I had visited his two observatories, he astonished me by a letter dated 
3rd September, 1867, in which is this passage — 

T 2 
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I liaTO lately togun tke oonstrnotion of a 40-root Equatoioal, genorally on tlic plan oi luy 
20-root instrnment-tlie miiTor to bo four feet in diameter, and fbo focuB porliapa a foot or two 
abort of 40 feet. To bo temporarily erected and mounted here, but removed for obaervatton to my 
old locale of St. Jobn’a Cavalier at Valetta, if die Governor wiU permit me to resume it. 1 pm- 
poae to have no dome, but a sort of revolving tower, or ooloaaal aontry-box, so contrived as to give 
me aooeaa to tbe eye-pieoe in all requited poritiona of tbo telescope; and in tbo day-time to be 

prostrated over the tube, and form a shelter Ixom the sun’s rays. 

The tube will be skeleton- fashion, only half its surface being solid, and therefore allowing the 
most perfect equilibrium of temperature, or other condition of the atmosphere, withm and withmt. 
The speculum is to have 38 cells or recesses at the hack cast in it, to afford fulcra for an ellieient 
system of levers to prevent ffexure at moderate altitudes. The principal frame-work ot the mounting 
will be wrought-iron— boiler-plate— in principle of construction analogous to the Britannia Tubular 
Bridge. There will he no stone-work beyond the plain level platform on wliioh the instrument is 
to be placed. This is mainly for the convenience of setting up and taking down, though certainly 
such a telescope cannot well be called poTialle. 

From my experience of the sHca of Malta, I cannot but hope that something more ol riie 
heavens maybe revealed by n telescope which slmU have twice Hie magnifying power of that which 
r took there, with the same quantity of light, and with— as I hope and believe— as perfect and 
correct a figm-e. In this undertaking labour, time, and money must bo pmtty largely consumed, 
and I anticipate a twolve-niontlis’ hard work will be required to accomplish it. Not much progress 
has yet been made beyond making models and some of the apparatus required for casting tbe 

speculum 1 ” 

This gigantic labour being most perseyoringly persisted in., was succosslully 
accomplished by the beginning of 1859; and the speculum the face and 
hack of which are respectively concave and convex portions of a sphere of 
about 76 feet radius— appears to be perfect in every respect: but such is its 
massiveness for motion as an ecquatoreal member, that a weight of more than 
ten tons has to be supported on three surfaces of very small aroa on which 
the motion must be obtained. 

In tbe above allusions to Malta I should observe, that when Mr. Lasscll 
communicated to me his determination to undertake so troublesome an enter- 
prize as carrying his 24-foot telescope abroad — entirely on his own outlay from 
limited means — I endeayoured to persuade him to select Mount .^tna for his 
experiment; for I felt assured that I could get the Casa Inglese, 9,600 feet 
above the sea, prepared for him. To this he was nothing loath, but, on a 
further consideration of his time and means, Malta was deemed the most 
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eligible : and I cannot but here insert part of a letter which he wrote to me 
from Yaletta, 22nd Decembers 1861, as showing the result of his interesting 
and unique mission: — 

I seize the opportunity of again thanking you for the effective interest you took in the success 
of my expedition hither, by rendering me those facilities which have rendered my visit here a very 
pleasurable one. I have received the utmost kindness from every quarter; and those mechanical 
difficulties in the erection of the observatory and telescope, which I naturally anticipated, were 
almost annihilated by the prompt and efficient aid I have all along received from each of the 
Government authorities who could render me service. 

You are already aware how highly I am delighted with the climate, and how much more I can 
see here than I could at home. Certainly tliis is the place for an efficient observatory for all 
objects within a moderate south declination; for the quietude of the atmosphere, as you must have 
found, bears a large proportion even to its clearness and transparency. I here speak of the whole 
period of my observation until about a fortnight ago, when the weather became somewhat broken 
by thunder-storms and heavy rains. Still I have never found, on a clear night, that, even with the 
powers and aperture I commonly employ, the unsteadiness has been such as to prevent my doing 
useful work. Tlie planets Neptune, Uranus, and Saturn, together with their satellites, have 
hitherto consumed so large a portion of my time, that I have had little to devote to other objects; 
but, as I have now nearly completed what I shall be .able to do with them, I intend to survey some 
of the nebulae and a few double-stars. I have iudeed examined some of these with great astonish- 
ment and delight. Sirius is an object I would challenge any one to sec os I see it, for the first 
time, without an involuntary exclEunation of wonder 1 With 260, it is an incandescent diamond, 
wliich I cannot describe — but, if I must compare it with anything cartlily, I should say it is an 
aggravation of the electric light. One would think its intrinsic brightness must surpass that of the 
Sun, to send out rays of such intense brilliancy to tliis all but infinite distance! The 
pencil of light transmitted through the eye-piece from tliis star, cast a brilliant spot on the wall of 
the observatory sufficient forcibly to attract my notice, without being at all prepared for it. 

In the nebula of Orion, the first thing that struck me was the marvellous brightness of the fifth 
and sixth stars of the trapezium, which, notwithstanding their great difference of visibility in smaller 
telescopes, appear of equal magnitude in this, and have good-sized discs — by no moans points. 
Perhaps a reason for the apparent inequality may be, that in smaller telescopes the closeness of the 
sixth star to the brightest of the group, hides its intrinsic brightness ; while in mine it is suffioicntly 
removed from any rays of the large star, to be judged of by its own merits. I was further surprised 
to find throughout the nebula very few more stars than 1 have been able by tlie rarest glimpses to 
make out at Stai’field; though the stars there seen with so much difficulty are obvious hero under 
ordinary circumstances. The bright nodules, os it were, of the nebula, which I almost expected to 
turn into clusters here, have no such appearance or oven tendency that way. In other words, there 
is not, to my apprehension, the least condensation or approach to resolvability in the nebula. All 
the stars I see are individual, isolated, and rather imusually brilliant points, without apparently any 
connection with it. Examined under good circumstances, with power 1018, die brightest parts of 
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the iicbiik look like masaos of wool, a good deal dravrn out at the edges, so^ that the sky can be 
seen through; one layer seemingly lying partly over another, so as to give the idea of great 
thic‘kness or depth in the stratum. 

Meantime the persevering Earl of Eosse, not satisfied, with the signal 
success which had followed his first achievement in practical optica, again betook 
himself to work in constructing the largest telescope that had ever yet courted the 
heavens ; and by liis inductive improvements in compounding the mirror-metal, 
and the treatment of it while cooling— as well as in grinding and polishing 
the figure — the whole was brought to a happy conclusion, though at an expense 
of upwards of 12,000Z. It is a triumph of the noble peer and the ago, as well 
in conception as in execution and application ; but it is rather bold to pro- 
nounce that it has arrived at “ the bounds beyond which the laws of matter 
forbid human ingenuity to pass ” : however, considering the amount of time, 
talent, devotion, and money that would be required for such a purpose, we 
may very safely predict that Halley’s comet will return before wo see it sur- 
passed. This remarkable and mighty ‘‘ optick tube ” has a speculum sjx feet 
in diameter, with a reflecting surface of 4071 inches, and weigliing upwards 
of three tons. Its focal length is 52 feet ; but the tube — made of deal hooped 
with iron — is 66 feet long, including the speculum box, the whole weighing 
above 16 tons. It is fixed to a large universal joint, imbedded in solid masonry 
about six feet below the ground, which allows it to turn freely, and is olevatc^d 
or depressed by a chain and windlass, with counterpoises in every direction. 
On each side of this tube, which is seven feet in diameter, in a line with the 
meridian, and at twelve feet distance, a stout wall is built — seventy-two feet 
long by forty-eight high on the outer side, and fifty-six on the inner ; allowing 
a lateral movement of the telescope of half an hour on each side of the cul- 
minating line; that is, a term of one hour in the twenty-four feet interval 
from wall to wall. Every portion is an evidence of powerful mental and 
mechanical energy ; but he who wishes to see 7 Draconis pass the meridian, 
or other heavenly body in the zenith, must stand at an elevation of at least 
fifty feet from the ground. 
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Two views of this mammoth-instrument came into my possession ; but as 
they differed in essential points, I applied to the fountain-head, well assured 
that Lord and Lady Eosse would grant my prayer. Nor was I mistaken, 
for shortly afterwards a couple of likenesses of the Grand Eeflector came 
to hand, under convoy of a letter from Parsonstown, dated March 5th, 
1868, in which his Lordship said, “ I inclose two photographs. If they do 
not answer your purpose, as the season is improving we can easily provide you 
with something better. The only work out of the common way we have at 
present in hand, is a lattice tube for the three-foot telescope, and some little 
improvement in the adjustment of the photographic clock, prefatory to a 
renewed attempt to olitain photographs of the nebulae.” And here is as faithfal 
a co])y ol* h('-r ladysliip’s picture of the giant, as Mr. Cobb’s art can render. 



CHAPTER V. 


OP MR. EPPS’S MERIDIONAL OBSERVATIONS. 


Here man explores Creation’s wondrous laws, 

That teach him to adore the Great DnsiaNiNO Cause. 


Towakds the end of the year 1837, Dr. Lee engaged the late Mr. James 
Epps as his astronomical assistant at Hartwell. This gentleman had been for 
more than eight years the respected Assistant-Secretary of the Eoyal Astro- 
nomical Society, discharging his duties with uniform urbanity and intelligonco : 
and, as he had for many years previously had charge of the chronomotcr-rating 
of a large mariue establishment, he was considered to be fully qualiiied for 
carrying out the Doctor’s wishes with regard to the moon-culminating stars. 
All the preliminary arrangements having been made, Mr. and Mrs. Epps wore 
accommodated in Hartwell House from January, 1838, to the 10th of August, 
1839, when he was suddenly taken ill, and died in his sixty-second year. Ho 
was buried in Hartwell Church, where Dr. Lee has placed an appropriate 
tablet, with an inscription to his memory. It will therefore be seen that Mr. 
Epps was but a short time in his new situation: he entered upon its duties 
with ardour, and had so far acquired the esteem and regard of his patron, 
that Dr. Lee generously assigned a liberal pension to the widow.* 

The geographical position of an observatory is always a matter of some 


* In January, 1845, Mr. John Glaieher, brother of the well-known AsBistant Astronomer at Greenwich, was 
partly engaged to continue the Hartwell observations : he bad jiast entered upon the regular routine, when be was 
most unexpectedly attacked with illness, and died, at the early age of twenty- seven years, on the 16th of May, 1846, 
He had received his instruction under Professor Challis, at the Cambridge Observatory, His registered operations 
still await arrangement and reduction. 
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intorost, althouj^^h a rigidly accurate determination of the several co-ordinates 
may be actually necessary only in those public meridian establishments, where 
the absolute place of the moon has to be fixed. But, in compliance with the 
general rule, I had made a few observations for an approximate latitude 
and longitude so far back as April 1829; taking the altitudes of the Sun, 
Procyon, and Begulus with a ricketty reflecting circle and an artificial horizon 
for the first, and establishing the second by two trips with a pocket-chrono- 
meter from my clock at Bedford. These were the results — 

Latitude .... 51° 48^ 35'^‘6 north. 

Longitude j • • 50 03 west. 

( in time . 3“ 208-2 + 

By the term used above — ricketty reflecting circle — I must not be mis- 
understood, since no imputation is meant to be cast upon Troughton’s beau- 
tiful instrument — an instrument capable of extreme precision : the epithet 
was intended only to apply to the state of neglect into which it had 
been allowed to faU, insomuch that cleaning, and aU. its possible corrections, 
had to be made before I could use it. In praising this circle, it will be 
recoUcctcd that those of Mayer and Borda were intended to compensate for 
imperfect division, by a system of repetition: but from the unproved gra- 
duation, and inflexibility of frame, Troughton’s Beflecting Circle is unques- 
tionably an improvement on all precursors. It is true that its three indexes 
arc inconvenient and tedious as to reading off, and that it does not repeat : 
but, wboro the angle is taken by a well-drilled hand and eye, the multiplication 
of observations is rendered unnecessary by the singular nicety of which it is 
capable— nor has it the embarrassing necessity, which is a condition in certain 
oth(',r instruments, of having previously to get the verniers set nearly to the 
apparent angle. As this noble tool eliminates errors of construction, reading, 
and even of principle, it leaves little to desire in a practised quarter : nor 
should it be forgotten that Don Joachim de Berrer, an officer of the Spanish 
Navy, determined the obliquity of the ecliptic with one of Troughton’s Circles, 
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more accurately tlian the G-reenwicb. large mural quadrant, then in use, could 
have done. Here is its portrait — 



Now, if no degrading reflection was intended to bo cast upon tlui Circh^, 
still less are some of my remarks on tbe Sextant— elsowhoro made — to bo 
misinterpreted ; my object in so expressing myself was merely to suggest that, 
good as it is, it will still admit of improvement; as in the use ol* silvorod 
mirrors — wberein some of tbe rays of large angles of incidence arc lial)l(‘, to 
distortions of refraction and reflection. This might bo deemed hypercritical, 
but tbe main bearing of my warning was this — that, as observations of altitude 
afloat are capable of less accuracy than those made on shore, I rccomnuuided 
tbe use of a small alt-azimutb for travellers, instead of the sextant, witli 
which moreover full dexterity in handling is indispensable. Yet I have known 
of one person, about to proceed on an inland mission, content with receiving 
only a lesson in tbe optician’s shop where be bad bought tbe instrument ; 
and my friend Colonel Everest, while occupied on his grand meridional arc, 
was written to by a person travelling in India, to ask what was meant by 
‘ index-error,’ saying that otherwise he was quite up to the use of the sextant. 


bamsden’s sextant. 


but there he was posed I Observations from such parties — ecjually defying dis- 
cussion, arrangement, and even cooking — have sadly obstructed our map-makers. 

But the sextant is a precious boon for mariners : to the happy discovery 
of measuring celestial arcs by the catoptric property of reflection, nautical as- 
tronomy is more greatly indebted than to any subsequent invention.* Under 
the two-fold adjustments of the maker and the observer, carefully made, and 
in a practised hand, it is a moat powerfiil instrument for angular distances 
and altitudes ; as I, from many years of constant use, can vouch for. It emi- 
nently combines lightness and strength, and therefore can be held in the 
hand while the ship is rolling, pitching, or scending; and the “artist” is able 
to measure his arc in a vertical, horizontal, or oblique direction. This is a 
representation of Bamaden’s 10-inch sextant, mentioned at p. 123. 



♦ Those Dons of “pure” science, who boast that they don’t wish to bo gaugers, often give themselves airs in respect to 
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Being satisfied that the above geographical conclusions would meet the 
existing wants, I rested on my oars ; and, in correcting any given quantity 
of time from the ephemeris, I usually applied one-eighteenth of an hour west 
of Greenwich as suitable to Hartwell, and as sufB.ciently near for all probable 
exigencies.! But, when there was to be a regular observer employed, I sug- 
gested that a strong fasciculm of moon-culminators should be at once begun, 
for the two-fold purpose of settling the longitude at home, as well as ot aiding 
others abroad. This was complied with, though not carried to the required 
extent : yet a paper was drawn up and read to the Boyal Astronomical Society 
in 1839 which, having taken place while I was in South Wales, I did not 
happen to see the document. I understand, however, that it is somewhat 
anomalous in some of the clock-rate and azimuthal details, which probably require 
a further sifting. Still, most of the observations might,' even in their presejit 
garb, be useful in a further series that may yet be made at Hartwell; lor 
in those which Mr.- Epps took for time, every attention was paid to the state 
of tlio instrument, namely, that it worked with no apparent error in colli- 
mation, and very little in level, but correcting for its azimuthal deviation as 
occasion might require. Except therefore the unavoidable errors of observation, 
and some trifling optieal defects, it was concluded that notliing of importance 
could be urged against the moan of all the results. 

Meantime Dr. Lee had a very long meridian-line marked out and accurately 
measured, which revived the question. This line commences near the windmill 
on Bledlow Bidge, runs duo north through the transit-instrument at Hartwell, 
and trends onwards to Scots’ Hill, near the ancient camp at Whitchurch. 


their more helpful couirudes. Even while Galileo was finding work for geometry by instruuienLul means, our 
learned and muniflcoiit Sir Henry Saville, founder of two Oxford profcBSorshipa, gave an illiberal rebufl’ to one of 
the most useful working mathematicians of that, or indeed any other time. Bishop Seth Ward tells us, that “ ho first 
sent for Mr. Gunter from London, to be his Pi’ofeasorof Geometry: so be came, and brought with him his sector and 
quadrant, and fell to resolving of triangles, and doeing a great many fine things. Said the grave knight, ‘ Do you 
call this reading of Guometrie P This is shewing of trickes, man ! ’ and so dismissed him with scorn I" Poor 
Gunter I But Saville was right as regarded a teacher for a place of education. 

t In the folio volume published by Adams in 1700, intituled “ Index Villaris,” the position of Hartwell House 
is placed in latitude 51° 49' north, and longitude 0“ 47' west of Loudon. Very fair for the time. 
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I’lui whole is a length of about twelve miles (see the ma]p), and a stout pole 
of forty feet in height was erected at each extreme : it was considered that 
from these stations, when their bearing and distance should be more accurately 
d(^termincd, the observatories of Oxford, Hartwell, Bedford, and Cambridge 
might be geodcsically connected, and afterwards carried from thence to Green- 
wich, the intellectual starting-point of the empire. It so happened that, 
in the summer of 1842, my son Captain Henry Augustus Smyth, of the Boyal 
Ai-tillery, then a cadet in the Military Academy at Woolwich, accompanied me 
to Hartwell, whither I was repairing to re-measure some sidereal objects. On 
this occasion, the weather being very fine and having some leisure time, we 
made a correcting survey of the Hartwell grounds, and re-examined the long 
meridian-lino. This was an opportune lesson for the youth; for, though the 
theory of surveying is tolerably attained at the Academy, still there are many 
little matters of application and instrumental adjustment, which are perhaps 
only obtainable in actual practice. It was therefore — to me — merely a renewal 
of old liabits in which I had formerly indulged to a considerable degree, and 
a light course of field-performance for my son. 

It now struck me, that as good a longitude for the Observatory as need 
bo rc(j[iiircd, would be obtained by attaclnng it trigonometrically to Aylesbury 
Cluirch-spiro ; tho position of which in the great Trigonometrical Survey, as 
TC-oomput(5d by Captain William Tolland, of the Boyal Engineers, from the 
original data, is — 


Latitude . . . . 51° 49' l"-00 noith. 

i arc . . 0 48 50 -15 west. 

Longitude J ^ 3,^ 

In the first place, we carefully took the angles subtended between the 
principal objects of triangulation and the Whitchurch meridian-pole, with the 
sov(m-inch theodolite— carefully adjusted— standing on the roof of the transit- 
room, and plumbing the centre cones of that instrument. The mean of the 
readings thus obtained were — 
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Aylesbury Cburch-spirc . . . 55° 35' 00". 

Asliridge Column . . . . 88 38 40. 

Joined by Mr. Akebnrst, wbo bad made the first measurements, and Mr. 
William Blake, we then went to the north meridian-pole, where we had good 
and distinct vision of ah the necessary points, even to Bledlow hidge, had we 
wanted them. The distance from the Observatory to the Pole, as ascertained 
by Mr. Akehnrst, is forty thousand two hundred and fifty-six links (0'G6 to 
a foot) ; but I found it necessary, for the sake of commanding the angle, 
to measure back one hundred and fifty-six links on the meridian-lino. My 
station was therefore forty thousand one hundred links from the Hai'twcll 
instrument, where I found the angle between the latter and Aylesbury spire 
was exactly 17° 31'; and from the station on Haydon Hill, ten thousand one 
hundred and forty-eight links from the Observatory on the same line, the angle 
was 73° 60'. The question now was simply 



W, H, and O, being the base-line running from Whitchurch Polo, through 
the Haydon Hill station, to the observatory; and the apex is Aylesbury spire. 
We then have — 

Siu. WAO : sin. AWO::WO : AO =4-1008694 or 12614*2 links. 

Sin. WAO : sin. AOW::WO : WA=4*5387443 or 34573-6 links. 

Sin. AHO : sin. AOH ::A0 : AH =4-0348092 or 10834-5 links. 

With these data, and assuming that in this latitude 62.83 feet are equal 
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to a second in space, it follows that the longitude of the Hartwell Observatory 
may be very safely regarded as in longitude 50' 39"’46 west of Greenwich, or 
+ 3“ 22®‘63 difference of time : and the latitude yielded by this method is 
51° diS' 14"-58 north. There is a vague rumour that General Eoy’s data for 
the position of Aylesbury spire require correction : when this shall have been 
ascertained and reduced to a fact, there is no doubt but the corrective quantity 
will follow the inquiry, and be duly applied ; then the same amount may be 
added, to or subtracted from the ordinate for Hartwell. But, until such an 
operation has been earnestly undertaken and satisfactorOy performed, the tri- 
gonometrical longitude here given wiU answer every possible purpose, although 
mundane sphericity was not considered in the above computation. 

To revert for a moment to the process by means of moon-culminating 
stars, I ought to have mentioned, that the vicinity of Hartwell is very strong 
in meridian means for attacking the problem, there now being no fewer than 
three other meridian batteries in immediate connection. The first of these is 
an excellent and efficient private observatory, erected by the Rev. J. B. Ileadc 
at Stone, and fitted with a fine transit-instrument on well-placed soUd piers ; 
and whose equatoreal telescope is worked under my original Bedford revolving 
domo. The second is a neat transit-room built by the llov. Charles Lowndes, 
at the Hartwell Rectory ; it is furnished with a transit-telescope of d’2 inches 
aperture and six feet focal length, accompanied by a capital clock of Bent’s. 
The third is a smaller one in Aylesbury, equipped by Mr. Thomas Boll. The 
last is well worthy of note, because it evinces the successful pursuit of prac- 
tical astronomy under forbidding difficulties. Of loss pretension than its costly 
neighbours, this Uranian room is but seven feet in length, five feet and a half 
wide, and sis feet and a half high. It is constructed in the comer of a court- 
yard devoted to far di#erent business, the turmoil of which has not prevented 
some excellent observations being made and recorded. By placing the pier 
for liis thii*ty-inch transit and meridian-slit a good deal on one side of the room, 
Mr. Bell has contrived space for his clock and a writing-desk. The building 
is of wood, which, being screwed together, can be taken apart, easily earned off, 
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and set up again in a very short time, iJ* noecisaary. 'riie cost, iiicludhifr 
labour and materials, did not much exceed six pounds. 

The Hartwell transit-instrument is already doaerilied ; hut, iili.liough not 
exactly necessary, it might have been iTit(ii‘(iNting to mentioii that it rc'sultecl 
from a family legacy. The following inHcrij)i,i(ms are engraved, on circuilar 
silver plates, above and below the transit coma’s C(‘utre — 

This uistrmncnt wiLS nuulc by 

Thomas Jones of Charing Cross, imdor tlic* inspocLioii of Ca])L W. II. Smyth, h.N. 

For tho Transit; Room uL ITartwoll, 1831. 


Joaimi L<‘(i, LJj.D. 

Tcslamento Legavit Louisa Soi’or Carisshnu, 
A.H. MDOOUXXXI. 


Mr. Epps principally observed those objects whicb transited the ineridiiiii, 
as the moon, moon-eulminating stai.s, and planets but, having somctliing to 
learn in using instrumentB of a larger size tlmii be bad been aeeustonied to, 
he can hardly ho said to havo fairly oiitored upon wliat was projiosed to bi! 
his standard occupation. There aro therefore some. de,lieiencics mid various 
awkwardnesses in his recorded observations, lor wliioli be eould no doubt in 
some measure have accounted, bad bo Uvod to roduce, tlioin Iiiinsidf. Ifour or 
five years after his regretted death, all his rough registers wore fovwav(le.d to 
me at Chelsea; and, having closoJy invcsligatod tho whole of thorn, I selected 
three hundred and fifteen of his stars, many observed with tlic moon, l)y which 
test the resulting right-ascensions, as a proof of tlieir trustwortluneas in 
questions of longitude. Erom the very tenor of this impury, it was attended 
with no small drudgery, as many were called that wore not ultimately chosen. 
Every effort, however, was made to secure as groat a number of tho transits 
as possible from oblivion; but, owing to the instrumental corrections not 
being always noted, even the apparent dock-error was on many days too 
wavering to be depended upon. In this “fix,” probability has claimed its 
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sharo of attention in selecting the Greenwich stars on which to append the 
corrections ; and the squared sheets of papers mentioned in my Cycle (vol. i. 
page 429) were also called into requisition for describing the horological curve. 
In addition to which, a very efficient aid in these reductions was derived from 
computiug a table of constants (sin. Z. D. — sin. P. D.) for every degree of 
polar distance, and applying the suitable correction to each star observed on 
that day; the azimuthal deviation constituting a most important element. In 
the foUowmg catalogue, the two Greenwich stars* — high and low — selected for 
this object, are given in a column assigned for that purpose. The detail of 
one day’s sifting compared with the orthodox work will, perhaps, be the best 
explanation of the adopted system ; since it was a case to which the more 
regular process of reduction was not altogether applicable. 

By arranging the transits of each day in the order of their N.P.B, the 
increase or decrease of the clock-error shewed the rough azimuth deviation of 
the instrument; whilst the proportion apphoable to each star was indicated 
by the tabic purposely prepared for the latitude of Hartwell. 

Making due allowance for the lapse of time between the transits, and then 
ap])lying it to the clock-errors, the difference between the high and low star 
is divided by the tabular azimuth difference between those two polar distances. 
T’lu', quotient thus obtained is multiplied by the tabular number, and the result 
is applied to the clock-error. Pinally, the difference in this last column from 
th('. clock-error resulting from the selected index-star, indicates the modification 
r(M|uii*cd in the place before assigned to the unknown star. Por example — 

* The tyro mny lie reminded, that by the designation Gkkbm'wich Stabs is meant certmn bright stars 
whieh, from their positions having been scrupulously ascertained by repeated observations with powerful 
uveridiaii instruments, are made use of by oil the working astronomers for the regulation of time, for latitudes, 
fur lunar distances, and for station-pointers in celestial space. At my commencing acquaintance with them, 
they uuinhercd aO ; but in 1834 they were increased to 100, by a committee of which I had the honour of being 
a imunlmr. U'iiey have been current under the prenomina of MoAkelyne’s— Greenwich— Nautical— Known— 
Standartl— and Clock stars. 
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B. 

oomp. 

3 Urs. Mnj. 

12, 07 

32-02 

+ 

12-38 

+ 0-19 

12-67 

— 0-10 

+ 12-47 

+ 0-66 

+ 0-71 

— 0-20 


y Urs. Maj. 

11, 46 

36-26 

+ 

11-70 

+ 0-17 

11-87 

— 0-04 

+ 11-83 

+ 0-01 

+ 0-04 

— 0-08 


a Can. Ven. 

12, 49 

60-49 

+ 

11-86 

+ 0-22 

11-67 

+ 0-14 

+ 11-71 

— 0-11 

— 0-03 

+ 0-29 


Castor* 

7, 24 

67-46 

+ 

11-08 

. 

11-63* 

+ 0-19 

+ 11-82 


— 0-06 

+ 0-40t 


PoUux 

7, 86 

61-36 

+ 

11-72 

+ 0-0 

11-72 

+ 0-22 

+ 11-94 

+ 0-12 

+ 0-11 

+ 0-45 


Loonis 

11, 41 

74-32 

+ 

11-32 

+ 0-17 

11-49 

+ 0-80 

+ 11-70 

— 0-03 

+ 0-01 

+ 0-62 

oomp. 

<r Virg. 

11, 63 

82-26 

+ 

10-98 

+ 0-18 

11-10 

+ 0-34 

+ 11-60 

— 0-32 

— 0*27 

+ 0-70 


Prooyon 

7. 81 

84-22 

+ 

10-99 


10-99 

+ 0-36 

+ 11-84 

— 0-48 

— 0-61) 

+ 0-72 

comp. 

y Virg. 

12, 38 

90-30 

+ 

11-40 

+ 0-21 

11-61 

— 0-88 

+ 11-09 

+ 0-17 

+ 0-26 

+ 0-80 


/3 Oorvi 

12, 26 

112-30 

+ 

11-12 

+ 0-20 

11-82 

+ 0-60 

+ 11-82 

• • 

+ O-OD 

1- 1-06 







Castor 

11-68* 





•40-h 


•31 dividend. Dlir, ’0i))‘31O(47'7 


•5(10 

•15 


—9-0992 — 7-6818 +0-4776 — 9'0276 
— 1-1434 — 1-1330 +9-6461 —0-9011 


+ 0-2426 +8-7148 +0-0287 +9-0886 


Nat. num. +a 1-748 i 
h 0-062 f 
c 1-065 ( +8-828 
d 0-973) 


5 draw Majoris obaeroed 12^ 7“ d0®-82 


A,S.0. 12i> G™ 67*-68 proo, 3-008 
27 -03 9 

8 -83 

27-027 

7m 28-44 

Observed 7“ 40-82 


Olook + 12-38 


JEnw l)y l^rocyon. 

29 April + 14-20 -48 -48 -48 -48 Qvollmi. 

2 May + 10-99 -2 -08 -8 -4 


Loatin 72b”3*-21=5-04porb^ -090 *0384 *144 -192 Ac, /Jtiii. 


JSrror by Pollux. 

29 April + 14-03 -48 -48 -48 -18 

2 May + 11-72 -40 •« -7 -R 


Lostin72h“2»•91=•04po^h^ -210 -288 -330 -384 Ac. /icr. 


TT Virginia ohaervcd 11** 52“ 60®'32. 


abed 
—8-8274 +7-8618 +0-4877 —7-9467 
—1-1434 —1-1380 +9-6401 —0-0011 


+ 9-9708 —8-4948 +0-0888 +8-9078 


Nat. Num. + a 0*035 
c 1-080 
d 0-081 


+ 2-096 
5—0-081 


A.S.O. ll** 62“ 09‘-61 preo. 3-074 Error by Cattor, 

27-06 9 29 AprU + 14-69 

2 -07 2 May + 11-03 

27-600 — 

89-34 Lost in 72 h**2*-06=-O4 peril'’. 

Observed 60 *32 

Oloolc -f 


•48 QuotiiiiL. 

1-06 Az.N.P.D.112" 30' 

•240 

•480 


•6040 Az. l)ov. /3 Corvi. 


+ 2-066 
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y Virginis obs&'ved 12** 38“ 43®’50. 


a h e d 

—8-8194 —7-9814 +0-4808 +6-7786 

—1-1484 — 1-1330 +9-6461 —0-9611 


+ 9-9628 +9-1144 +0-0264 —7-7346 

+ a 0-918) 
ft 0-130 1 

c 1-062 j 2-105 


A.8.0. 12»> 33“ 028-79 preo. 3-022 
27 -20 9 

2-11 

27-198 

82-10 

Observed 43 -50 

Clook + 11 -40 


Examples for corrccUng vR. of urJcnovm* starst by two Qreenunch stars being assumed as 
hnown, a Cygni and a® Gapricomi. 


Ex. I. y Oygni gives olook-error too small; its assigned jiR 
being too small; — 

4tb Jnly, 1839 . . Computed . . AR. 20** 16“ 20*-23 


Correction .... . . - + -64 

29 -87 

Observed 27-60 

Clock alow 2 -27 

Azimuth deviation ... — -17 

The same aa by « Cygni . . — 2-10 


Ex. n. 9 Aquilffi gives olook-error too largo; ita assiguod .iH 
being too large : — 


4th July, 1830 . . Computed . . AH- 20>* 3*” 2>-72 

Correction — -15 

3 02-57 

Obsorvod 2 69-97 

Clock-error ..... — 2*00 


Azimuth deviation . . — -60 
Agreeing with « Cygni . — 2-10 


In the foUowing Oatalognej the HaxtweU Stars are digested and tabulated 
upon a particular form and principle. The left-hand page contains the copy 
of Mr. Epps’s registered observations, forming, as it were, the raw material of 
the right-hand or opposite page, where the results of reduction — by the 
method which I adopted — are given, and the difference of those results from 
the well-known Catalogue of the Royal Astronomical Society ; the whole being 
brought up to the epoch 1860 by Mr. Baily’s co-eflB.cienta. I have appended 
weights, 0 to 3, on the ultimate determinations, as shewing the comparative 
value which an investigation of them produced. 


The division of known and unknovm alars is rather arbitrary in astronomical parlance : the lirst is a loosely- 
relative expression to distinguish between those bodies which have been so accurately determined as to become 
rated standard stars, while the latter name is applied to those which have been less examined. Some of these, how- 
ever are nearly as excellently placed ; and, as was the case with my late friend Sir Walter Scott, may be termed the 
Known Unknown (see ante, page 177, note). Indeed, many of them might be very safely enrolled in the columns 
of the Standard Catalogues. 


2 A 2 
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OBSERTATIONS. 


Telescope virea. 


1888 

8 Oct. 21 Andromodaa NA.. 


3 Oct. 8 Oeti , 


8 Oct. 44 Piaoimn 

29 „ Di 

26 Nov. Di 


j..xui/xiauiuiu^o.vj. rv jaa'Y 40'a y ftu uya 26*4 44’0 0*82 

1 Nov. 6 Arletia iV, A. . . y 66-4 16-0 1 44 84-6 i!4>« 18-fl ai.flo 


27 Deo. 

1 Nov. 02 Oeti N. A. . 

1 Nov. Arietis . , . 

2 „ 

27 Deo. 


Centre. 

rv . 

V . 




h . m. a. 

secs. 

Boca. 

0 0 1*6 

22*6 

43*6 

0 0 3*3 

24*2 

46*4 

0 4 53*8 

13-0 

32*2 

0 4 55*2 

14*4 

83*6 

0 11 09*0 

28*8 

47*7 

0 11 11*2 

30*0 

49*0 

0 17 06*2 

28*8 

42*6 

0 17 07*0 

26*6 

44-0 

0 17 19*8 

87*9 

66*6 

0 81 86*0 

8*0 

41*0 

12 80 65*0 

28-1 

1-0 

0 86 40*7 

0*2 

19*8 

0 40 00*8 

26*4 ^ 

44*0 

1 44 84*6 

64*2 

18*9 

2 40 68*8 

13*1 

38*0 

2 60 29*0 

48*9 

8*9 

2 63 43*8 

2*4 

21*0 

8 02 18*8 

88*0 

67*8 

8 02 16*0 

86*8 

66*6 

8 02 64*0 

18*7 

33*2 







Rato witli a Coron. 6 days 
boforo. 

Ilato with sA-f^ui. 3 days 
boforo. 

LovolW. + fl"-06. Rato 
with y Ai^ui. 3 days be- 
fore. 

Lovol next day 15. + 0"‘66 
Jtato with ly A<j[uihu 3 days 
provioufl. 

Lovol on tlio Cth rod. to 
W. + O*”!!!. Rato by 
Oai)r. 0 (lays after. 

Rato with a Oaijrlo. 3 days 
previous. 

WnittoHloy ourroots N.A. 
by + 0"'‘ll. Rato with Cl* 
Oaprio. (i days provious. 
Itato with a Oaprio. 3 days 
previous. 

Itato wiUi (t A(xua. 2 days 
provious. 

Rato by y Ursto M., S. P. 

2 days provious. 

Rato with y U. M. tlio pre- 
vious day. Cloudy ; mor. 
mark trom. 

Rato with S Oapr. 2 days 
provious. 

Wrottosloy oorroots it by 
+ 1*'80. Rato with Z 
Peg. 2 days provious. I 

Dblo star, somo AR. 


-2’01 Rato by y Pog. 3 <loy8 pro- 
viouB. Az. or. by a Cap. 
and a Oyg. + 1".28 and 
by ft Coti and a Pors. + 
0*97. 

0 A good night’s work. Oik. 
put forward to-day. 

-2-16 Rato with a Aqua. 3 doys 
previous. 

~1’90 Rato with y Pog. 3 days 
previous. 

“2*02 Rato with y Pog. 4 days 
previous. Lovol W. + 
0"*26, 

0 The clock was put forward 
to-day. Az. E. + 0"*27 by 
a Aqui. and a Cyg. by 
Epps. 
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DEDUOTIONS. 

Star's Tiftniq. 

AR. 1 Jan. 18B0. 

Approx. P J>. 

A 

Ast. 0. 

DoQ; 
Axim. 
Dar. E. 

Stars comparod for 
dally ozlm. 

Wt, 

Az. cor* 
roctlon. 

Bemarks. 



b. m. s. 

0 / 

a. 

B. 



B. 


21 Andromedie . . 

a 

0 00 87-98 

61 46 

+ 0-06 

1-00 

a Lytis and mean 

1 

— 0-46 

Level W. + 0"-96. 

Ditto 



99 

— 0-73 

1-28 

a, Oyg. and a* Oaprio. 

2 

— 0-68 

Eeenmed oye*pioceNo. 8. 
Tolerable night. 

88 Pegaai .... 

y 

0 05 80-86 

76 89 

— 0-21 

1-00 

a Lyr. and mean 

1 

— 0-68 

Ch:eenw. stars irregnlor. 

Ditto 


99 

99 

— 0-04 

1-28 

a Oyg. and d? Oaprio. 

8 

— 0-81 

Enoke's comet seen. 

8 Ceti 

i 

0 11 46-78 

99 39 

— 0-02 

1-00 

a Lyr. and mean 

1 

-0-00 

Olouding over. * 

Ditto 


99 

9t 

+ 0-14 

1-28 

a Oyg. and c? Oaprio. 

8 

— 1-10 

Level next day E + 
0"*66. 

44 Fisoium . . 

t 

0 17 42-46 

88 63 

— 0-12 

1-00 

a Lyrm and moon 

1 

— 0-77 

Results unaatisfitotory. 

Ditto 


99 

99 

— 0-10 

1-28 

Oh Oyg. and Oaprio. 

2 

— 0-08 

Reanmed eye*pieoo No. 3. 

Ditto 


99 

99 

+ 0-13 

0-81 

y Dmc. and Fomol. 

2 

+ 0-23 

Transits irregular. 

18 OoBBiopeuD . . 

a 

0 82 00-70 

84 17 

+ 0-10 

0-81 

y Drao. and Fomol. 

3 

— 0-04 

Level W. + 0'-60. 

Ditto S.P. 


99 


+ 0-23 

0-60 

y Uia. M. and j3 Oorvi 

2 

— 0-06 

The lower pasaages are 
irregular. 

16 Oeti . . . . 


0 86 03-19 

108 49 

— 0-47 

0-81 

y Drao. and Fomol. 

0 

+ 0-82 

Oloor weather. 

P.189 PiaoiumA.S.0.79 

0 40 28-86 

86 29 

+ 1-86 

0-81 

y Drao. and Fonud. 

8 

+ 0-22 

The N. A. continued the 
error. 

5 Ariotis . . 

V 

1 46 18-26 

71 27 

+ 0-66 

1-86 

a PoTB. and Oaprio. 

3 

— 0-78 

Too groat an oz. devia- 
tion. Epps gives two 
deviations for to-night. 

48 Ariotis . . 

C 

2 60 38-82 

69 16 

+ 0-48 

0-21 

a Oyg. and a Aqui. 

1 

+ 0-11 

A fine oloor night. 

Ditto 


99 

99 

+ 0-62 

1-36 

a Fere, and Oaprio. 

2 

1 

o 

Some Glrecnwioh stars 
irregular. 

02 Oeti . . . 

a 

2 64 26-86 

86 80 

+ 0-20 

1-36 

a Pers. and a’ Oaprio. 

8 

— 0-76 

Variable night. 

Arietis . . . 


8 03 03-19 

70 61 

+ 0-86 

1-86 

a Pers. and a? Oaprio, 

0 

— 0-77 

Meridian position some as 
yostorday. 

Ditto 


99 

19 

+ 0-17 

1-20 

a Pers. and y Eirid. 

2 

— 0-68 

Instrument steady. 

Ditto 


99 

99 

+ 0-49 

0-21 

a Oyg. and a Aqni. 

8 

+ 0-11 

Therm, in elk. ease 36°. 
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SPEOTILTJM HAHTWELLIANTJM. 


OBSERVATIONS. 





Telescope wires. 




Olock’B 


Date. 

Star’s name. 






Tnuislt. 

Error. 


ItomarlcB. 


B 

B 

Oontro. 

IV. 

V. 

rate. 









b. m. s. 

sees. 

secs. 

8. 

s. 

8. 


1839 

16 July 

38 PoTsei If, A., S. P. a 

. 

2*16 

16 12 60*0 

18*6 


60*00 

— 02*90 

0 

Rev. axis, no or. in oollini. 

1838 

28 Doo. 

Pleiadum b, or 17 Tauri 

6-8 

27*0 

3 36 47*2 

7*6 

27*7 

47*24 

+ 26*06 

— 0*63 

Rato with i Ariotis yester- 
day. 

2 Nov. 

26 Tauri , n 

6*6 

26*8 

3 37 46*0 

6*3 

26-5 

46-04 

— 09*96 

+ 27*36 

— 1*93 

Rato witli y Peg. 4 days 
previous. 

27 Doo. 

Ditto 

43*2 

8*0 

3 38 28*9 

44*0 

4*3 

23*80 

0 

The oluuk was put forward 











to-day. 

28 „ 

Ditto 

42*7 

2*8 

3 38 23*0 

48*3 

■21 

23*08 

+ 20*63 

— 0*72 

Rate by m Tau. thu jiroviouH 










day. 

1839 

26 Fob. 

84 Eridoni . . . ^ 

36*4 

64*4 

3 60 13*6 

32*0 

61*7 

13*62 

— 18*17 

— 1*36 

Rato wiUi 1 (Jan. M. 2 daj’H 
proviouH. 

1838 

2 Nov. 

Tauri caniji. ... A' 

21*6 

41*4 

3 66 01*4 

21*2 

41*6 

1*40 

— 10*21 

— 1*90 

Rato witli i Ariut. 1 day 








+ 27*48 


prnviouH. 

27 Doo. 

Ditto 

60*6 

19*7 

3 66 39*6 

60*7 

19*8 

39*64 

0 

Oluck put on to-dny. 

28 „ 

Ditto 

60*0 

18*9 

3 66 39*0 

68*9 

19*0 

38*06 

+ 20*80 

— 0*68 

Rato wlllk itsulf yostorclny. 

1830 

26 Fob. 

14 Draoonia N.A. S.P. e 

13*2 

52*8 

4 31 32*2 

11*8 

61*0 

32*20 

— 17*70 

— 1*27 

Rato with » Drae. M. P. 











8 days prtivitiuH, 

24 April 

87 Tauri A^. A. . . a 

23*0 

42*4 

4 27 01*8 

21*0 

40*3 

1*70 

+ 20*36 

0 

Rato uiK'ui't. Axis revorsod. 

26 Fob. 

Ditto 

• • 

• • 

4 20 24*0 

48*0 

2*6 

23*83 

— 18*16 

-1*67 

Rato with i (hint. 2 tlays 
proviouH, 

1838 

28 Doo. 

1 02 Tauri eovip. . . i 

10*9 

30*7 

4 63 66*0 

16*6 

30*6 

60*04 

+ 20*70 

— 0*«5 

Rato with « Tau. yosttTday. 

1830 

24 April 

13 Aurigro A'", ri. . a 

16*6 

42*0 

6 06 08*6 

36-2 

2*0 

8*00 

+ 20*60 

0 

Lovol W. + ()"*11. Rovtl. 











axis on 22d iimtant. 

19 

10 Orionis N.A., . J3 


49*3 

6 07 08*2 

27*2 


8*23 

+ 20*03 

0 

Stars troniuloUH. Axis rovd. 











on 22d instant. 

1888 











7 Mny 

112 Touri If. A. . /3 


68*7 

6 18 19*9 

40*8 


19-80 

+ 16*79 

0 

Axis rtivorsod, I4CV0I W. 

28 Doo. 










+ 0"*.ll). 

Ditto 

63*0 

14*0 

6 18 36*0 

60*0 


36*04 

+ 20*46 

— 0*90 

Rato with ti Tau. yostcrdjiy. 

2 Deo, 

136 Tauri eoviji. . , 0 

82*8 

63*7 

6 43 14*8 

36*7 

60*7 

14*74 

+ 01*00 

-1*46 

Lovol K. ()"*7l. Rato witli 











a l*og. B days provious. 

2 Deo. 

1839 

68 Orionis If.A. . u 

^61*1 

10*0 

6 46 28*7 

47*8 

6*2 

28*06 

+ 00*22 

-1*62 

Rato willt ^ Pog, 8 days 
provious. (Star largo. Lovol 
E. 0"*71. 

24 April 

Ditto 

10*4 

29*0 

6 46 47*8 

6*7 

26*2 

47*82 

+ 20*11 

0 

Vory troni. clock pul for- 
ward. 

1888 










2 Doo. 

18 Geminorum If. A, ft 

84*7 

64*7 

6 18 14*9 

84*0 

64*0 

14*82 

- 00*62 

— 1*60 

Stars difficult. Lovol E. 











+ 0“*71. Rato with a 

1830 










Peg. 8 days previous. 

28 Feb. 

27 Geminorum comp, i 

. , 

27*8 

6 84 48*2 

8*8 

29*8 

48*26 

— 14*81 

— 1*79 

Level W. + 0«*49. Rato 











with 2 Gom. next day. 

24 „ 

0 Oonis MaJ. A7. A. a 

8*8 

28*2 

6 37 47*6 

7*0 


47*66 

— 16*79 

— 1*32 

Star bad fig. Rato by 1 




■ 







Can. M. provious day. 
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Star’s nomo. 


AB. 1 Jon. ISOO, 

38 Persei S.P. . 

. a 

h. m. B. 

3 13 37-77 

Pleiadiun b, or 17 Tauri 

3 86 68-27 

25 Tauri . . . 

- fl 

8 38 34-03 

Ditto 


91 

Ditto 


>9 

34 Eridoni . . 

• y 

3 61 01*70 

Tauri . . . . 


3 66 49-48 

Ditto 


99 

. Ditto 


99 

14 Draoonia S.P. 


4 21 67-32* 

87 Tauri . . . 

. a 

4 27 18-66 

Ditto 


91 

102 Tauri . . . 

• 1 

4 64 07-62 

13 Auiigo) . . 

. a 

6 06 86-36 

19 Orionis . . 

. /3 

6 07 19-66 

112 Tauri . . . 

. /3 

6 16 48-66 

Ditto 


99 

130 Tauri . . . 

. C 

6 48 68-74 

68 Orionis . . 

. a 

6 47 03-00 

Ditto 


99 

13 Gioininorum . 

• 

6 13 62-66 

27 Oominorum , 

• 1 

6 84 41-76 



9 Oanis Maj. 


6 88 82-18* 


0-24 Oast, and i Oon. M. 
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SPECULUM EAE.TWELLIANUM. 


OBSERVATIONS. 




Teleoeope ’rrlroB- 



Mean 

Transit. 





Date. 

Star's name. 







Clock’s 

Remarks. 



B 

n. 

Centre. 

IV. 

V. 

Error. 

Dally 

rate. 




secs. 

secs. 

li. m. s. 

fiecs. 

secs. 

H. 


Be 



1888 











2 Dec. 

42 Geminorum eomji, « 

66-8 

17-2 

6 62 37-6 

68-0 

18-4 

87’60 

+ 

0-97 

— 1-46 

Level E + 0"-71. Rato 











■with a Peg. 8 days pre- 
vious. 


1880 

23 Feb, 

66 Geminorum iV.A. S 

36-8 

66-8 

7 10 16-8 

86-9 

60’0 

16-84 


16-11 

— 1-64 

Level W, + 0''-49. Rato 

24 „ 




7 10 16’3 







by a Gem. 2 sucoosidve 
days. 

Ditto 

36-8 

66’2 

36-4 

66-6 

16-84 

— 

16-00 

— 1-60 

Rato with itself previous 












day. 

23 Feb. 

60 Geminorum comp. ( 

48-0 

9’0 

7 16 30-1 

61-3 

12-1 

30-10 

— 

16-01 

— 1-49 

Very unsteady. Rato by it- 
self the next day. 

24 

Ditto 

• • 

7’6 

7 16 28-6 

49’6 

• • 

28-6 

— 

16-60 

— 1-49 

Itato by itself yesterday. 

20 April 

66 Gominomm If .A. a* 

4-0 

26’0 

7 28 48-0 

10-0 

82-0 

48-00 


32-29 

— 1-67 

Very steady. Rate by Pro- 

29 „ 

Ditto 

60-8 

12-8 

7 24 34’7 

66-7 

18-7 





eyon yesterday and to-day. 

84-74 

+ 

14-69 

— 1-24 

Rato witli itself one day. 

1838 











Very stoaily. 

7 May 

Ditto 

48-6 

10-4 

7 24 32’8 

64-4 

16’6 

82-42 

+ 

16-68 

— 0-96 

Rato with itself 3 days after.' 












Largo power oyo-pioeo No. 

1839 











4 now applied. 

23 Fob. 

10 OonisMinorisiV.A.a 

1'6 

20’2 

7 30 38-9 

67-6 

16-2 

38-86 

— 

16-10 

— 1-49 

Star very faint. Rato by 

24 „ 

Ditto 

69-4 


7 80 88’7 







S Gem. 2 snccossivo days. 

18-0 

66-4 

14-0 

36-70 

— 

17-26 

— 2-16 

Star very faint. Rato by 

16 April 

Ditto 

49<2 

8*0 

7 30 26*7 

46-6 

4-0 

26-68 


20-68 

— 1-80 

itself yostorday. 

Tolerably st(>ady. Rato witli 

19 „ 

Ditto 

44<9 

3-6 

7 80 22-1 

40-7 

69’6 

22-10 

— 

31-06 

— 1-49 

Sirius 6 days previous. 

Very steady. Rato by it- 
self 3 days. 

Rato by itself yostorday. 

20 „ 

Ditto 

43'1 

1’9 

7 30 20-7 

39’3 

67-9 

20-68 



82-62 


29 1, 

Ditto 

30-0 

48’7 

7 31 07’S 

26’8 

44’0 

7-28 

+ 

14-28 

Bilsl 

Clock put forward 22nd. 

2 May 

Ditto 

26-7 

46-2 

7 31 04-0 







Rato with Splen yesterday. 

22-8 

41-4 

4-02 

+ 

10-99 

— 1-10 

Rato with itself 3 days pro- 

5 „ 

Ditto 

28-7 

42-3 

7 81 01 -0 

19'8 

88-4 

1-04 

+ 

8-08 

-0-90 

viouB. 

Rato witli itself 3 days pre- 
vious. Largo power oyo- 
pioco No. 4 now applied. 

23 Fob. 

78 Gominorum If. A. fi 

32-0 

68-2 

7 86 14-4 

86-6 

66’8 

14-40 

— 

14-94 

— 1-16 

Faint through clouds. Rate 












with Aldob. 0 days ])ro- 

24 „ 

Ditto 

80-7 

61-7 

7 36 12-8 

88-9 

66-0 

12-82 


16-61 

BSl 

vious. 

Rato by itself yostorday. 
Pi-otty good. Rato with 

0 April 

Ditto 

86-9 

68-0 

7 36 19-0 

40-1 

1-8 

10-00 

— 

9-67 

BSQ 












Rog. 6 days previous when 

16 „ 

Ditto 

20-6 

41-6 

7 86 02’6 

23-7 

44-8 

2-62 


26-93 

— 1-63 

olook was i»ut forward. 
Rate by itseif 1 0 days pro- 

19 „ 

Ditto 

16'0 

37-0 

7 84 68-0 

10’O 

40-8 

68-06 

— 

80-44 

— 1-60 

vious. Star faiut. 

Clear and steady. Rato 
with itself 3 clays pro- 

20 „ 

Ditto 

14-2 

36-4 

7 84 60*0 

17'7 

38-8 

60-64 

— 

81-06 

-1-61 

vious. Level E, + 0'"42 
Roto by itsoK yesterday, 

20 „ 

Ditto 

0-9 

21-9 

7 86 42-9 

4-0 

26-2 

42-98 

H" 

]4-68 

— 1-00 

Clock put forward on 22d. 












Rato ■with Arcturus 2 days 

2 May 

Ditto 

67-9 

19-0 

7 86 40-0 

I’O 

22-2 

40-02 

+ 

11-72 

— 0-97 

previous. 

Rato with itself 3 days pro- 

6 » 

Ditto 

64’ 9 

16-0 

7 86 87’0 

68’1 

19*2 

87-04 

+ 

8-77 

— 0-98 

vious. 

Rate by itself 3 days pro- 












vious. 
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DEDUCTIONS. 

Stur’B namo. 

AR. 1 Jon. IBDO. 

Approx. P.D. 

A 

Aat. 0. 

Dally 
Azun. 
Dqt. E. 

Stora compared fbr 
daily Azlm, 

Wt. 

Aa. cor- 
iQctian. 

Bemorks. 


li. m. H. 

o / 

a. 

fi. 



B. 


<12 Oominorum . . « 

0 C3 16-03 

G6 34 

+ 0-46 

1-47 

t Cem. and Sirius 

0 

+ 0-76 

Agrees best with 0 Tanri. 

5G Q-oiuinorum . . S 

7 11 09-44 

67 46 

+ 0-14 

0-42 

a* Cost, and t Can. M. 

2 

— 0-24 

Clouds flitting past. 

Ditto 

it 

II 

+ 0-16 

0-42 

a Ditto 

1 

— 0-18 

Haze increasing. 

OU (Aominoruin . . i 

7 to 2*1-33 

61 66 

+ 0-19 

0-24 

Ditto 

2 

-0-10 

Very unsteady. 

Ditto 

>1 

II 

+ 0-23 

0-24 

Ditto 

1 

— 0-11 

Unoertain by olouds. 

GC Oouiinurnm . . a,^ 

7 26 01-41 

■ 67 47 

+ 0-08 

0-81 

t Ura. M. and a Hydr. 

3 

— 0-32 

Very steady. 

Ditto 

If 

If 

+ 0-20 

1-00 

» Urs. M. and Spioa 

2 

+ 0-40 

Also very steady. 

Ditto 

H 

II 

+ 0-2G 

1-00 

Mean and Spioa 

1 

+ 0-40 

A troublesome night. 

10 (JuniH Minorifl , a 

7 31 20-71 

84 24 

+ 0*23 

0-42 

Oast and i Can. M. 

2 

— 0-30 

Level W. + O' -49. 

Ditto 

II 

19 

— 0-46 

0-24 

♦ Ditto 

0 

— 0-17 

This the only bad transit 









to-night. 

Ditto 

>1 

11 

— 0*20 

0-80 

ly Oeph. S.P. and fi 

0 

— 0-14 

An irregular night. 






Coni 




Ditto 

II 

tf 

— 0-16 

0-46 

y Urs. M. and /3 Oorvi 

2 

— 0-32 

A good night’s work. 

Ditto 

II 

11 

+ 0-01 

0-81 

i Urs. M. and a Hydr. 

3 

— 0-68 

Only Poll* out of bounds. 

Ditto 

* II 

11 

+ 0-13 

1-00 

n Uia. M. and Spioa 

8 

+ 0-72 

A long series. 

Ditto 

if 

II 

— 0-48 

0-60 

y Urs. M. and 0 Oorri 

0 

+ 0-86 

Transit swagged to-night 

Ditto 

ti 

99 

— 0-31 

0-48 

Ditto 

0 

+ 0-86 

Transit again wavered. 

78 Qoniinorum iV. A. 

7 30 07-42 

01 37 

+ 0-20 

0-42 

Oast.’ and t Con. M. 

1 

— 0-19 

Level W. + 0"‘49. 

Ditto 



+ 0-24 

0-24 

Mean of Gr’' stars 

1 

— 0-11 

Good short series. 

Ditto 

91 

II 

+ 0-69 

W. -20 

a Urs. M. and Reg. 

0 

+ 0-09 

Very few transits. 

Ditto 



+ 0-31 

0-20 

y Urs. M. and jS Corvi 

0 

— 0-09 

Pollux as usual diflers 


' 







from the rest eaohmght. 

Ditto 

II 

II 

+ 0-31 

0-46 

Ditto 

1 

— 0-20 

A good night’s work. 

Ditto 



+ 0-48 

0-81 

i Urs. M. and a Hydr. 

0 

— 0-37 

The clock error by this 









star too small with a 









slow clock. 




+ 0-80 

1-00 

1 } Urs. M. end Spioa 

1 

+ 0-46 

The clock error by this 









star too large with a 









fast clock. 




+ 0-12 

0-47 

Castor® and /3 Corvi 

2 

+ 0-22 

Compared with the or- 









thodox reduction. 




+ 0-80 

0-48 

y Urs. M. and /S Corvi 

1 

+ 0-22 

TransitB very regular ; 









also compared as above. 


2 B 
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SPBOTJLUM HAETWELLJANUM. 



OBSEEVATIONS. 







Tolchcope wires. 


Mean 

Clock's. 

li’ClIlUll.'l. 




I. 

n. 

Centro. 

rv. 

V. 

Transit. 

HiTor. 

Dully 

rule. 





secs. 

secs. 

b. m. 8. 

BOCB. 

sous. 

H. 

H. 

H. 


1839 





8 10 41-4 

1-7 

22-0 

•11 -30 

-.17'i7 

- 0*87 

Uulo with h III 111. M*sti'r. 

25 Feb. 

19 Oancri cowp. . 

X. 

0-7 

21-0 

iluy, ’riii<ili"i"n*|'.tu>‘y ut 
dll', i.iti* uidi lilt' ittlliiw ' 


















iiif; liiitilil III' t'\uitiiii>‘il. 

•> 

43 Oancri ccwj). • 

V 

1-2 

21-3 

8 33 11-6 

1-7 

21-8 

41-50 

— 18*17 

-!*r.7 

U.ilf ttilli *) lii'iii ji 'll nl.iy. 

20 April 

47 CaQcri eomjp. , 

2 

21-7 

41-2 

8 35 0-8 

20-5 

40>0 

0-8-I 

- 32-19 

— iMIf. 

Hull' ttitli .‘t l.i'iin ji 'ltr 
iliiv. lif'i 1 M. 1 0 * 1*2. 

21 „ 

Ditto 


19-9 

89'4 

8 34 69-1 

18*7 

38-3 

5!I-()S 

— 33*91 

. -I*?:. 

UiOi* ttOli ii-tilf jisO'jiluy, 

(‘liiiiily. 

1838 

21 April 

11 IlydriB N. A. . 

1 

3‘8 

22-6 

8 37 41-0 

50-7 

18-2 

41-tl4 

,-31*55 

— (1-58 

Ki'Uii'il imii'ii ptr.ill.ix. 
l.i'vi'l U . r IV, Had' 












Midi Ui'i' ", ili»\" 1111'% mu'*, 

1839 

25 March 

77 Cancri comp. 

S 

34-0 

54-2 

9 0 14-5 

34-8 

54*9 

14-48 

+ 7*03 

— 1*58 

Hull' Midi Hi c. 3 il.i»'tu(ti-r, 
Hi'hiiiii'il iiMi III 0 ‘ tisuiil , 












pit litiiui, illuiiiitii >l 1 ml 

20 April 

Ditto 


64-7 

14-0 

8 59 34 '0 

65-0 

15-1 

31*92 

— 32*18 

— 1*07 

Vi'iy h|i ' it|j, Hit" Millie 
t.i'iiiii'i y "0 itl.iy. 

21 „ 

Ditto 


63-0 

13‘0 

8 59 33‘0 

53*0 

13*3 

38*00 

■ -31-02 

1*81 

Hull' Midi It 'll ynli I'll.!}' 

1838 

21 April 

22 HydrtB comp. 

i 

48‘6 

7-0 

9 05 25-7 

44*0 

2-8 

25*02 

— 31*55 

. •0*58 

Hull' Midi U' l:. 2 >1 1 )« jm* 

% lulls, I.i’mI \\ 1 1 'll'. 

1839 

6 April 

5 Cephei A. A. S.P. 

a 

14-0 

63-6 

9 14 32-8 

12’6 

51-5 

32*80 

— 8*97 

— 1*12 

ItillltMllIl ) I'lpll. 10 ilujn 










|l|l'%tlltis, 

24 April 

30 HydrtB Jf.A. 

ti 

24-0 

42-9 

9 20 01-8 

20-3 

39-0 

1*00 

■I- 19*77 

1*07 

.Slr.idv. 1*111 t'liii 1. IxiMttitl. 










Uul'* lay 1 ' 1 M lull, lit %l <1 ly 

26 Feb. 

4 Leonis comp. 

X 

36-0 

66-2 

9 22 15-6 

35-8 

50-0 

15-52 

• 18*17 

1*57 

Hull* by e Uim. jui viKim 











•liiy, 

21 April 

Ditto 


18-7 

39-0 

9 21 59-3 

10-7 

30-y 

59-32 

- - 33*92 

• .1-7*1 

iSO’uily. H, ill* Midi ( d IK 











iTi y 'll nl.ij. 

26 Feb. 

14 Leonis comp. 

0 

88-8 

67-0 

9 32 16-8 

35-8 

54*9 

10-84 

— 18-40 

1-07 

Hull' Midi Ili'K- '■! <1 lyonniT. 

21 April 

16 Leonis comp. 

'p 

40-6 

6’7 

9 34 24-8 

44-0 

3-2 

24-84 

- 31*02 

- 1-83 

UuO' by 1) I'uiii*, yi'li'ribij. 











n«o* 

28 March 

17 Leonis iV.A. . 

1 

0-4 

26-9 

9 30 47-3 

7-0 

28-0 

47*24 

-1- 2*91 

— 1-30 

I'liiinlyt si.tr fiint. Uiiti 
Mltll ^ t'utK'fl 3 ibiysjtfl' 

liiiiis. 

I.i’Vi'l K, 1 o ' .’ll. Hiiti 

6 April 

Ditto 


63-7 

14-0 

9 36 34-4 

64*8 

15-0 

34*38 

— 9*82 

— 1-.51 

10 „ 











Midi .StI IlH lit \t ll.lV, 

Ditto 


47-4 

7-8 

9 86 28-0 

48-4 

8-0 

28-10 

- ■ 10*05 

— 1-f.i! 

U.ili' Midi i(h> U' I iluys pfi' 












% illUN. 

28 March 

24 Leonis comp. 

/“ 

59-2 

20-0 

9 43 40'8 

1*6 

22-2 

40-74 

■f 3*38 

— 0-32 

riiHli'iuly, ‘Ibit i rrnr i*\- 
1 i-i'i'iU tli.it Ilf t I.i'tinis by 

0*1 1, tliiini;li %t'iy imiir tti 
1M>. 

28 March 

29 Leonis comp. 


8-8 

27-5 

9 51 40-2 

6-0 

23‘8 

46-20 

-t- 2-45 

— 1*33 

Uiiiil(*ui1y. Uiiti' Mill) » 

t bi'iiii. yisli'nluy. 

25 March 

30 Leonis comp. 

« 

3-0 

22-6 

9 58 42-0 

1-6 

21-0 

42-00 

+ 7-00 

• -1-05 

Kxtrctiii'ly fjutit. 
f lu-tii). 2 days nftfr. 
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DEDUCTIONS. 




Slur's iiiuuQ. 


AR. 1 Jan. 1860. 

Approx. P.D. 

A 

Aflt. C. 

Daily 
Ajslm. 
Dot. E. 

Stars compared for 
dally A:^. 

Wt. 

Aa. cor- 
rection. 

Remorkb. 



h. m. a. 

O / 

a. 

a. 



s. 


19 Ounoi'i , . 

. X 

8 U 36*21 

66 30 

+ 0-90 

0-60 

» Drao, 8.P. and y 
Etid. 

0 

— 0*26 

Unfiivonrable P.D. for 
the instrument. 

'Hi Cauprl . . 

. y 

8 34 3C-70 

68 00 

+ 0-23 

0-50 

Ditto 

1 

— 0-27 

N. merid. mark exactly 
oentraL 

'17 (lanori . . 

. S 

8 36 08*06 

71 18 

+ 0*30 

0-81 

1 Vis, M. and a Ilydr 

1 

— 0-46 

Very steady. 

Ditto 


» 

99 

+ 0*47 

0-63 

Ditto 

0 

— 0-31 

Steady, but some stars 
wild. 

IJ . . 

1 

8 38 40*76 

83 02 

— 0*46 

0-41 

Aldob. and jS Corri 

0 

— 0-29 

Transits begin to be re- 
gular. 

77 Oaiiori . , 

. S 

0 00 43*61 

07 21 

+ 0*26 

0-62 

Capel. and Bigel 

2 

+ 0-83 

Level W. + 0"-6C, 

Ditto 


j> 

If 

+ 0*38 

0-81 

t Ure. M, and u ETydr, 

1 

— 0-42 

Very steady. 

Ditto 


” 

II 

+ 0*20 

0-63 

Ditto 

2 

o 

1 

In P.D, 61“ to 68“ olook 
error, too amaJl when — 
and too large when + . 

'22 lij'droo . , 

. 4 

9 06 33*14 

87 03 

— 0*42 

0-41 

Aldob. and /3 Oorvi 

0 

— 0-36 

An initiatoiy night. 

(Uiphoi U.L*. . 

<( 

0 1-1 68*26 

H.P. 28 03 

+ 1*17 

W. -20 

a UrssB M. and Bogulus 

0 

-1- 0-39 

A puzzling night. 

no llyOwu , . 

u 

0 20 12-66 

98 00 

— 0*11 

0-64 

Oapol and Rigel 

2 

-1- 0-65 

Steady. Level. W. 0"-ll. 

^ HooiiiH . . . 

X 

n 23 09-28 

66 23 

+ 0-28 

0*60 

n Droc. S.P. and y 
Erid. 

2 

— 0-25 

N. merid. mark exact. 

Ditto 



» 

+ 0-62 

0*63 

( Urs. M. and a Hydr. 

1 

— 0-27 

Steady. 

I'i bnoniH, . . 

« 

!) 33 (18-12 

79 20 

+ 0-07 

0-60 

ft Drao. S.P. and y 
Erid. 

8 

-0*33 

A moon oulminator. 

1 (i LtiotiiH . . , 


11 36 33-27 

76 18 

+ 0-49 

0*63 

i Urs. M, and a Hydr. 

1 

-0-33 

An interesting Limar 
seriee. 

1 7 LeoniH . . . 

1 

0 37 10-40 

66 32 

+ 0-66 

0*47 

(t, Uis. M. and Beg. 

0 

+ 0-24 

A stiff night. 

Ditto 



Jl 

+ 0-64 

to 

o 

1 Urs. M. and Beg. 

1 

+ 0-10 

A puzzling night. 

Ditto 


>y 

91 

+ 0*23 

0 

i Urs. M. and Sirius 

1 

0 

No satiafkotory az. dev. 

24 Loonis . . . 

1“ 

9 44 13-08 

63 17 

+ 0-08 

0*47 

(t. Urs, M. and Beg. 

0 

+ 0-22 

Be examined in vain. 

29 Loonis. . . 


9 52 16*00 

81 14 

+ 0-16 

0-47 

Ditto 

3 

+ 0-32 

A full night. 

no LaouiH. . • • 

n 

0 60 08*61 

72 80 

+ 0-82 

0-62 

2 

(^pel. and Bigel 

1 

+ 0-82 

Few transits. 
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SPECTILXJM HAETWEIiLIAlTIIM, 



1839 

10 April 32 Leonis JV. A. 


OBSERVATIONS. 


Teloscopo Tires. 


flocBe secs. I h.. nis s* { secs. secs. 




28 Mai-oh 
1 April 
6 « 

10 


1 April 
6 „ 

10 „ 

27 Feb. 

27 Mar. 

27 Feb. 


33 UrsseMajorisromyi. X 

12-0 

Ditto 

36-0 

Ditto 

20-4 

Ditto 

23-0 

Ditto 

16-6 

11 Leonis comp. . y 

06-8 

34 Ursffi Majoristimnp.^ 

61-8 

Ditto 

46-0 

Ditto 

30-0 

42 Hydree comp. . ft 

19-8 


a 66-0 14-0 9 69 33-0 62-0 11-2 33-04 —16-63 

40-0 60-0 9 69 18-0 87-0 66-4 18-08 —31-39 

31'0 60-0 10 0 9-2 28-6 47*8 9’30 +19-89 

07-9 26-7 9 69 16-6 04-6 23-7 46-66 — 3-00 1 — i 


10 07 03-6 29-2 


47 Leonis comj). , p- 
63 Leonis eomp. . I 
60 Uis. Mojoris N. A, a 


10 07 27-2 63-0 

10 07 20-9 46-6 

10 07 14-6 40-0 

10 07 08-0 33-8 

10 10 46-6 06-2 

10 12 42-0 07-2 

'10 12 36-2 00-4 

10 12 29-0 64-2 

10 17 68-4 17-9 

10 24 25-6 44-4 

10 40 28-0 47-0 

10 63 68-7 39-0 


36-6 16-8 10 58 60-2 36-6 10-9 


— 3-60 
— 10-00 

— 16-34 

— 20-81 

— 3-60 
— 10-28 

— 16-38 

— 21-93 
+ 03-70 

— 21-23 
+ 16-06 


1839 
27 Feb. 

24 April 

6 May 


63 Leonis comp. . ^ 23-1 42-2 10 66 01-0 20-0 38-8 

Ditto 46-4 4-2 10 66 28*0 41-D 0-7 

Ditto 27-0 46-8 10 67 04-4 23-0 41-8 


— 30-88 

— 21-45 
+ 19-99 


16-0 84-0 10 66 62-6 11-0 80-0 62-60 + 08-69 — 


Rale -witli Reg. 4 days pre- 
vious. 

Rato wiUi itself 9 days pre- 
vious. 

Rato witli itself next day. 
'rrninulouH. Level W. + 
0"‘ll. Clock put for- 
ward. 

Rato with Aldob, 3 days 
previous. The dock pen- 
dulum was raised 3 divi- 
sions on 1 7th J uno, which 
oorroctud its rate. 

AR. from Cat. of 1112 
star-s. Rate wilh Castor 
3 days previous. 

Tolerably good. Rato with 
Oapel. 3 days previous. 
Rule wilh itself 4 days pre- 
vious. 

Rale with itself 6 days pre- 
vious, 

UaU) with itself 4 days pre- 
vious, 

Rato with S Gem. 3 days 
previous. 

Rato with itself 4 days pre- 
vious. 

Rato with itself 6 days pre- 
vious. 

Rato with itself 4 days jire- 
vious, 

Rato ooni]). with y' Erid. 
2 days provious. 

Jilying clouds. Rato wilh 
tt Loo. 2 (lays previous. 

Rato with Aldob. 2 days 
provious. 

W. End level + 0"-68. 
Itate with itself 2 days 
after. 

Rato with a Drac. 0 days 
after. 


■1-17 Rato with y Virg, 2 days 
after. No error of oolli- 
mation. 

■1-40 Rato with Pronyon 3 days 
provious. 

■1-06 Rato witli a Orion. 2 days 
after, Lovol W. + 0"*11. 
Woathor clear, but stoi-s 
tremulous. 

- 0'77 Rato with Prooyon 3 days 
previous. 
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DEDUCTIONS. 

Star's iianie. 


AR. 1 Jon. IBCO. 

Approx. P.B. 

A 

Bally 
Asira. 
Bov. E. 

Stars compared for 

Wt. 

As. cor- 

Itemorka. 



Aat. 0. 

doily Adm. 


reebon. 




h. ni. s. 

0 i 

8. 

B. 



& 


32 Loonia . . 

a 

10 00 22'71 

77 18 

— 0-19 

0 

i Uraes Moj. and Sirius 

0 

0 

This transit must be 

Ditto 



11 

— 0-37 

0-45 

y Urs. M. and /3 Oorvi 

0 

— 0-29 


Ditto 


» 

'1 

— O'OO 

0-64 

Capolla and Rlgol 

1 

+ 0-42 

A long aeries. 

Ditto 


n 


+ 0-07 

0-49 

y Drao. and ft Sogitt. 

8 

— 0-31 

Steady night. 

33 Urase Mejoris 

X 

10 08 02-06 

46 20 

+ 0-67 

0-16 

a (Jrase Maj. and Rog. 

0 

+ 0-33 

The Aatr. Soo, Oat. dif- 









fors by 0‘-20 from that 
of 1112 atara. 


Ditto 




+ 0-26 

0-47 

ft UracQ Moj. and Reg. 

3 

+ 0-09 

Five unknown stars to- 

Ditto 








night. 



II 

— 0-02 

0-40 

y Ui-aas Maj, and Rog. 

S 

— 0-10 

Pretty good. 

Ditto 



11 

+ 0-40 

■W.0-20 

a Urans Maj. and Reg. 

0 

+ 0-04 

Or Az. dev. E. 1"-10. 

Ditto 


II 

II 

+ 0-01 

E. 0 

i Uraos Maj, and Sirius 

3 

0 

Unaatiafiiolory night. 

41 Loonia, comp. 

y 

10 11 41-01 

60 24 

+ 0-04 

0-16 

<6 Uraas Maj. and Rog, 

0 

+ 0.09 

C4reonwioli atara too 










cloao. 

34 Uran Mcyoria 

(t 

10 18 22-60 

47 46 

+ 0-03 

0-40 

y Hraae Moj, and Rog. 

1 

— 0-11 

Epi^m oomputocl a pivot 

Ditto 









equation . 




+ 0'20 

■W.0-20 

a Uraos Maj. and Reg, 

2 

+ 0-04 

Fow ’ tranaita and irro- 

Ditto 








gular, 


II 

M 

— 0-03 

R. 0 


8 

0 

Irregular tranaita. 

42 Hydras. . . 

(t. 

10 18 40-01 

106 04 

+ 0-46 

0-16 

a Urate Miy. and Reg. 

1 

+ 0-16 

Greenwich atara too clone . 

47 Loonia . . . 

• « 

10 24 64-46 

79 40 

— 0-13 

0-46 

By ostimatien. 

0 

+ 0-31 

No good Groan wioh atara. 

63 Loonia . . . 

. i 

10 41 21-06 

78 40 

+ 0-60 

0-16 

a, Urate Maj. and Rog. 

1 

+ 0-11 

Tranaita far north not 









Bofo. 

60 Ursos Majoria 

. a 

10 64 26-98 

27 27 

— 0-31 

0-61 

ti Urate Moj. and Spioa 

6 

— 0-24 

Returned oxia to illu- 









mined end W. 

Ditto 


11 

V 

— 0-48 

0-48 

y Urs. M. and /3 Oorvi 

0 

— 0-20 

Oomparod with ortliodox 
roduotion, tlie only dis- 
cordant obaorvatiun. 

63 Loonia . . , 

X 

10 57 16-07* 

81 61 

+ 0-42 

2-20 

y Cep. S.r. and Spioa 

0 

+ 0-11 

No sonaible oollimation. 

Ditto 


II 

II 

+ 0-28 

0-16 

a Ursee Maj. and Rog. 

8 

+ 0-11 

Trrognlar night. 

Ditto 


11 

II 

+ 0-07 

0-64 

Gap, and Rigel. 

2 

+ 0-46 

Tough night. 

Ditto 


II 

11 

+ 0-49 

0-48 

7 Urs. M. and j3 Oorvi 

3 

+ 0-34 

Agrees with the orthodox , 
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SPEGULtril HAETWELLIANTJM, 



OBSERVATIONS. 


Telescope -wires. 


68 Leonis, If. A. 
Ditto 


1869 
19 April 


21; April 
6 May 


8 May 
1880 
19 April 


12 Hydra at Orateria 


1889 

27 Mar. 

28 Mot. 
1838 

21 April 


1889 
24 April 

1888 
21 April 


1839 
28 Mar. 


16 Hydras et Orateris 
fomp y 


21 Hydrea el Craterls 
ayinp f 


Centro. 

rv. 

V. 

h. m. 8. 

Beca, 

secs, 

11 04 48*0 

8*6 

28*0 

11 06 46*0 

6*0 

26*0 

11 06 02*7 

22*8 

42*8 

11 06 03*8 

23*8 

43*8 

11 06 64*6 

14*4 

34-4 

11 06 42*8 

2*8 

22*9 

11 10 32*9 

62*0 

11*0 

11 11 30*9 

60*0 

9*6 

11 10 48*0 

7*3 

26*6 

11 11 89*0 

68*0 

17*2 

11 11 27*2 

46*4 

6*6 

11 12 08*6 

27*0 

40*0 

11 12 66*7 

14*3 

33*0 

11 12 64*2 

13*0 

31*6 

11 16 17*6 

36*8 

66*3 

11 20 01*0 

19*6 

38*2 

11 28 09*6 

28*0 

46*6 

13 28 46*6 

6*1 

23*8 

11 32 62*0 

13*0 

33*8 



— 42‘41 — 0‘84 Rate -with x Leo 8 days 

previous. Level W. + 
0"-13, ilium, end W. 

+ 16'47 — 0'64 Rjite with Arcl, the previ- 

ous day. Level W. end 
+ 0"-37. 

— 27’64 — 1'30 Rale -with Arot. 8 days pre- 

vious. Objeot gloss do- 
feotive. 

— 30'61 — 1*63 Sleady, Rate with Pollux 

3 days previous. Level 
E. + l'^-26. 

+ 20*29 — ■ 1*08 Rate with Poll. 2 days pre- 

vious. 

+ 08*67 — 1*10 Rate with itself 2 days pro- 


— 48*16 — 1*04 Rate with Spica 3 days pre- 

vious. 

+ 14*96 — 1-06 Rato with Aret. yoslorday. 

— 31*39 —1*61 Lev. E. + 0"*42. Rato 

■witli /3 Oorx-i 2 days pre- 
vious. 

+ 19*48 — 1*06 Rato with iUjolf 11 days- 
aftor. 

+ 7*88 — 1*06 Rate with itself 11 days 
before. 

— 40*06 — 1*08 Rato with S llyd. Cr. 3 

days sub. 

+ 8*78 — 1"42 Rale with itself next day. 

+ 2*36 — 1*42 Rale with itself yesterday. 


— 31*40 _ 

— 19*61 _ 

— 81*27 
+ 2*24 


0*78 Rato witli S llyd. ot Or. 
16 days sub. Level "W. 
+ 1"*84. 

1*06 Rate with J llyd. et Or. 
11 days after. 


21 April 94 Leonis V, A. . /3 40*0 60*0 11 40 18*6 37*6 66*7 18*84 —81*07 


7 June 
1839 
17 April 

19 April 


. I 42*4 1*8 11 40 21*1 40*6 0*1 21*18 — 27*84 — 

46*0 6*6 11 40 26*0 44*0 3*8 24*76 —28*09 — 

43*0 2*6 11 40 21*8 41*0 0*2 21*70 — 81*14 _ 



■ 0*73 Rato with Spiea 12 days 
after. Level W. + 1"*84. 

. 1*64 Rato -with a* Loo. yesterday 
N.A. mokes elk. + 0*86 
only, 

■1*33 Rato -with itself 2 days be- 
fore. 

• 0*77 Rate with 2 Leo. 6 days 
previous. Level W. + 
1"*84. 

-1*47 Rato with Aret. 2 days 
after. 

- 1*66 Rate with Reg. 7 days pre- 
vious, 

-1*68 Level E. -f 0"*42. Rate 
with itself 2 days previous. 
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DEDUCTIONS. 

Stor’H uaino. 

An. l Jan. 1800. 

Approx. P.D. 

A 

Abt. 0. 

Daily 
Azim. 
Dqt. E, 

Stars oomporoA for 
doJQy Amin. 

m. 

JtiZ. c-or- 
roution. 

nomarka. 


li. m. 8. 

0 J 

a. 

a. 



B. 


68 Loonia . . . . S 

11 00 06-07 

08 39 

+ 0-32 

0-66 

Oapolla and Sirius 

0 

— 0-36 

Axis, illuminating end 









W. 

Ditto 

99 

99 

+ 0-47 

0-61 

q Urs. Maj.anda^Lib 

1 

+ 0-33 

Again revoraed axis. 

Ditto 

91 

19 

+ 0-31 

0-87 

V Urain Miy. and Spina 

0 

— 0-48 

A good night's work. 

Ditto 

99 

99 

+ 0-64 

0-46 

y Urs. M. and j3 Oorvi 

1 

— 0-26 

Stars north of zuuilli no 









holp. 

Ditto 

* 11 

99 

+ 0-20 

0-64 

Oapolla and Eigol 

1 

H- 0-30 

A good night's work. 

Ditto 

91 

99 

+ 0-30 

0-48 

y Ura M. and /O Oorvi 

2 

+ 0-26 

Agrees witlt orthodox re- 









duotion. 

12 Tlydnu and Oratoria S 

11 11 60-00 

103 68 

— 0-18 

0-06 

Oapolla and Sirius 

0 

— 0-62 

The only unknown star 

Ditto 

’9 

>9 

+ 0-10 

0-Gl 

q Urs. M. and a® Lib. 

0 

+ 0-68 

wna y Virg, 

North stars unsofo. 

Ditto 

9» 

99 

— 0-10 

0-46 

y Urs. M. and j3 Corvi 

3 

— 0-42 

Stars north of zenith no 









aid. 

Ditto 

91 

91 

— 0-20 

0-64 

Oapolla and Itigol 

1 

+ 0-62 

By Bovoral comixiriaona 

Ditto 



— 0-10 





still — , 

19 

99 

0-48 

y Ursm M. and /3 Oorvi 

3 

+ 0-46 

Agrooe with orthodox ro- 









duotion. 

77 Loonia 

11 13 23-10 

S3 00 

+ 0-61 

2-30 

X Draco and Spica 

0 

— 0-67 

Not renommended. 

Ditto 

91 

99 

+ 0-22 

0-46 

Brought from 26 tb inn. 

2 

H- 0-32 

Nogood Croonwiuh stara. 

Ditto 

99 

19 

+ 0'13 

0-47 

fi, Ur. M. and u Loo. 

3 

0-33 

A voluahlo night. 

16 Uydnu and OratorlH y 

n 17 23-12 

106 61 

+ 0-10 

0-41 

Aldob. and j3 Oorvi 

3 

— 0-40 

P'irst night roduood. 

8d Loonlt) . . . , v 

11 20 12-00 

86 10 

+ 0-37 

0-04 

Oapolla and Eigol 

2 

+ 0-47 

Still — by tliroe coiupa- 









rifiona. 

21 Hydros, and Oratoria f 

11 20 04-10 

06 68 

+ 0-06 

0-41 

Aldob. and Corvi 

2 

— 0-36 

A trial night. 

01 Loonia . ... o 

11 20 16-87 

00 00 

+ 0'2G 

0-47 

ft Urs. M. and a Leo 

3 

— 0-37 

(Eppsl DiiTora by 0-lC — 









in olook-error. 

36 Oephoi S.P. . . y 

11 33 12-60 

S.P. 13 13 

+ 1-04 

0-48 

y Urs. M. and /S Oorvi 

2 

+ 1-63 

Orthodox oon-eotiou atill 









more, 

04 Loonia , , . 

11 41 24-06 

74 36 

+ 0-08 

0-41 

Aldob. and j3 Oorvi 

0 

— 0-26 

Initiatoiy night. 

Ditto 

91 

99 

+ 0-10 

0-87 

H Urs. M. and Spica 

2 

— 0.64 

Errors largo. 

Ditto 

99 

99 

+ 0-02 

0*60 

y Ura. M. Oorvi 

2 

— 0-31 

Pew, but good. 

Ditto 

99 

99 

+ 0-03 

0-46 

Ditto 

3 

0-28 

Pino night. 
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SPBOUIjTJM HAETWELLIA-NUM. 


OBSERVATIONS. 



Date. 

Star’s name. 




Telescope wires. 



Moan 

Olock’s 

Itriuni-Ks* 














IV. 



Error. 

Dally 





I. 

II. 

Oentre. 

V. 


rule. 


1839 

2 May 



secs. 

sees. 

h. n. s. 

secs. 

secs. 

B. 

s. 

H. 


94 Leonis 1^.A, 


26-8 

46-0 

11 41 04-0 

28-1 

42-6 

4-08 

+ 11-32 

— 0-93 

Kalit with itNi‘]f It iltiy-t 
ttfLin-. 

5 May 

Ditto 


22-0 

42-0 

11 41 01-0 

20-8 

39-8 

1-30 

+ 08-66 

_0'92 

Rato witlt ilDolf It (Iu,\h tit-' 
ht'furo. 

24 April 

5 Virginia comp. 


3-2 

21-9 

11 42 40-4 

69-0 

17-7 

40-44 

+ 19-04 

— 1-34 

Rnlu witli tSir. 2 liays [in-- 










viuuH. Ijtm-l IV. 1 (("-1 1. 

16 April 

64 (Jrsffl Majoria 

63-0 

26-0 

11 44 67-0 

29-0 

1-0 

C7-00 

~ 20-40 

— 1-31 

Ratu tvilli itM-ir nt-xl ilay , 

19 April 

Ditto 


48-6 

20-8 

11 44 62-6 

24-5 

66-7 

62-02 

— 30-80 

-•Ml 

Rattt ‘willi a ('«•*«. 2 

pl-<IVi(IIIH. 

24 April 

Ditto 


39-6 

11-4 

11 46 43-6 

16-8 

47-9 

43-02 

+ 20-27 

-1-18 

liutn witli n mt-itrt tif'J tlittt-. 

1838 

24 Nov. 

Ditto S.P. 


27-6 

69-7 

28 46 32-0 

4-0 

36-9 

31-82 

+ 12-60 

— 1-IC 

Riitt- will) iU(<lr 2 tlnjn 













1838 

21 April 

8 Virginia comp. 

* 

27-2 

46-7 

11 62 04-3 

23-6 

42-0 

4-64 

— 31-43 

— 0-70 

Rato willi ^ Iii'iuiia 1;; tiny a 

arti-r. Ia‘vi'1 W. t r'-M, 

1839 











2 May 

Ditto 


13-0 

81-7 

11 62 60-2 

8*9 

27-8 

60-32 

+ 10-98 

-0-98 

Unto with IWytiM It 












Bfti-r, 

28 March 

24 April 

9 Virginia comp. 

Ditto 

. 0 

27-0 

44-8 

46-0 

11 67 06-0 

11 67 22-6 

23-9 

42-7 

4-92 

+ 02-24 

- 1-4(5 

V(*ry ati-aily, Untu vtuti * 
Ia*i) yt-MliTtluv, 


8-7 

41-6 

0*4 

22-60 

+ 19-94 

— 1-20 

Rato with » Virg-. 3 tUya 
ul'ti-r. 

2 May 

69 Uraea Mojoriacoviji, 3 

80-8 

6-8 

12 07 40-7 

16-8 

61«0 

40-82 

+ 12-38 

— 0-03 

Ruto wi(h itwif It iluw 

5 May 



27-8 








ivftt'r. 

Ditto 


2-7 

12 07 37-8 

12-8 

47-8 

37-78 

+ 00-d8 

— 0-98 

Rato with y tlnm* Muj. 1 1 
tluya 



28 March 

16 Virginia comp. 

• « 

7-2 

26-8 

12 11 44-4 

3-0 

21-6 

44-38 

+ 02-17 

— 1-44 

(h)tiil. Rate witli <r thmii. 

19 April 

Ditto 


84-0 

62-6 

12 11 IM 

29-6 

48-2 

11-08 

-31-26 

-1-61 

•1 tliiyn pi'oviiinn 

Rnti‘ with 1 Virir. 2 <la\-t 

27 April 

Ditto 


21-6 

39-9 

12 11 68-6 

16-9 

86-6 

68-48. 

+ 10-17 

-1-2(5 

liolon-, ^ 

Rato with o Virg, 15 












linforo. 

19 April 

9 Corvi N’.A, 


47-0 

7-1 

12 26 67-2 

47-2 

7-6 

27-20 

— 31-36 

— 1-66 

Rn(o with iiHKjflt iiiii« j.n- 

24 April 

Ditto 


38-0 

58-0 

12 26 18-0 

88-1 

68-2 

18-00 

+ 10-62 

— 1-40 

vioua. 

Rato with .Miriuif y il^vt. 

1838 











pruvinua. 

6 May 
1839 

29 Virginia comp. 

y 

9-0 

27-6 

12 82 46-0 

4-6 

23-0 

40-00 

— 42-00 

-0-87 

Rato with i(rti4f 12 rlayn 

19 April 

Ditto 


24-0 

42-6 

12 83 01-0 

19-6 

38-0 

1-00 

— 31-30 

— 1-66 

pntvIiiUH. ' 

Rato with ft (:„rvi !1 tlay-, 

2 May 

Ditto 


6-3 

26-0 

12 38 43-6 

2-0 

20-7 

43-60 

+ n-40 

-1-08 

provltiuH. *' 

Hato with itself It tlttvn 

5 May 

Ditto 


8-0 

21-7 

12 S3 40-3 

68-8 

17-6 

40-26 

+ 08-17 

— l-OO 

aftor. 

Rato wilh SiriuH 2 iluya 
proviuuit. 

27 April 

12 Canum Venatici 











A.^.C. . , . 

a 

- • 

■ • 

12 48 48-8 

12-7 

86-8 

48-80 

+ 10-88 

-1-21 

Thin t-hi<-k error nm-ot't with 












tlio ri-at. Rate with t‘* 

Sf 

2 May 

Ditto N'.A. 


■ • 

• • 

. 

• • 

• • 

• 

+ 10-41 

-1-30 

pollu 3 (lays iiroviinia. 

Only threo wiri-a ohnerviMi, 

Ditto N'.A. 


66-8 

19-8 

>01 

GO 

(M 

7-7 

81-6 

48-72 

+ 11-36 

-1*67 

Uato with iteelf 3 days 
vloua. 
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DEDUOTIONS. 

Htar'B nmuii. 

Alt. 1 Jon. 1H60. 

Approx. P.D. 

A 

Ast. 0. 

Dolly 
Adm. 
Day. E. 

Stars oompared fbr 
daily Azlm. 

Wt. 

Az. cor- 
reotioii. 

Bemarks. 



h. in. a. 

0 / 

a. 

a. 



Ba 


D4 Lounia . . . 

H 

11 41 24'06 

74 36 

— 0-03 

0-60 

y Uia. M. and fi Oorri 

1 

+ 0-81 

Instmment sagged. 

Ditto 


ff 

99 

+ 0-36 

0-48 

Ditto 

8 

+ 0-80 

Agrees with orthodox re- 










dncdon. 

6 Virginia . . , 

/J 

11 42 62-00* 

87 24 

— 0-21 

0-64 

Oapolia and Bigel 

1 

+ 0-48 

Troublesome night. 

04 Unun Majoria 

y 

11 46 64-07 

35 20 

— 0-03 

0-20 

yOeph. S.P. and fi 

2 

+ 0-01 

Tried several pairs of 

Ditto 






Ooryi. 



stars 


)l 

19 

+ 0-04 

0-46 

<y Uis. M. and fi Corvi 

1 

+ 0-04 

Star of comparison. 

Ditto 


11 

99 

— 0-12 

0-64 

Oapella and Bigel 

0 

-0-06 

Near the zenith. 

Ditto 


9) 

99 

+ 0-03 

0-12 

ly Oeph. and FomaL 

1 

+ 0-01 

Tried several pairs of 









stars. 

SVIi^iniB . . . 

«r 

11 68 11-09 

82 84 

— 0-26 

0-41 

Aldeb. and fi Corvi 

2 

-0-28 

All low stars except Fo. 










laris. 

Ditto 




— 0-82 

0-60 

<y Ura. M. and fi Corvi 

0 

+ 0-86 

Clock-error a crooked 









line. 

(JVlrgiiiiH . . . 

c 

11 67 34-13* 

80 27 

+ 0-06 

0-47 

Dra. M. and a Leo. 

2 

+ 0-81 

An interesting night. 

Ditto 



99 

+ 0-06 

0-64 

Oapella and BigeL 

0 

+ 0-48 

A long r^nlor night. 

09 Urata Maoris 

i 

12 07 67-04 

82 09 

+ 0-66 

0-60 

<y UiB. M. and fi Corvi 

1 

+ 0-10 

Agrees with orthodox re- 
duction. 

Ditto 


n 


+ 0-88 

0-48 

Ditto 

2 

-0-10 

Agrees with orthodox re- 







duction. 

1C Virginia . . . 

fi 

12 12 12-00 

89 60 

— 0-09 

0-47 

ft TTia. M . and a Leo. 

8 

+ 0-86 

A moon oulminator. 

Ditto 


91 

19 

— 0-02 

0-46 

y Hia. M. and fi CorvL 

8 

— 0-86 

Long night. 

Ditto 


n 


+ 0-28 

0-81 

a Boot, and fi Oorri 

1 

+ 0-62 

Agrees nearly with or- 






thodox reduction. 

0 Corvi .... 

u 

12 20 80-87 

112 84 

— 0 

0-46 

y T7n. M. and fi Corvi 

0 

— 0-47 

Star comparable to Spies. 

Ditto 


99 

19 

-0-26 

0-64 

Oapella and Bigel 

1 

+ 0-66 

Qood night's work. 

29 Virginia . . . 

y 

12 84 08-23 

90 88 

+ 0-04 

0-06 

Oapella and Birins 

0 

-0-68 

A short initiatory night 

Ditto 


99 

99 

- 0-11 

0-46 

y Un. M. and fi Corvi 

1 

— 0-86 

Still — by another com- 
parison. 

Ditto 


99 

99 

+ 0-18 

0-60 

ft Urs. M. and fi Corvi 


+ 0-40 

Compared with orthodox 
reduction. 

Ditto 




+ 0-08 

0-48 

Ditto 

0 

+ 0*89 

Correct, of AB by or- 


99 

99 



thodox reduct — O’ll. 

12 Oanum Vonatic. 

a 

12 40 00-26 

60 62 

+ 0-08 

0-81 

n Boot, and fi Corvi 

2 

+ 0-24 

Polaris gives error of AB. 
—0-09. 

Ditto 




- 0-89 

0-81 

Ditto 

0 

+ 0-24 

This shows that the NA. 


99 

99 

* 



elements do not suit this 










star. 

Ditto 


99 

99 

— 0-11 

0-60 

y Drs. M. and fi Corvi 

2 

+ 0-14 

Compared with ortho- 
dox reduction. 


2o 
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S510TOTIM EABIWUIMANTIM. 







OBSERVATIONS. 






Star's name. 



Telescope Trires. 



Mean 


Romarka. 

1 

III 

n. 

Centre. 

rv. 

V. 

TlluCUilU 


HI 


EpiS| 



aocs. 

BOCfl< 

h. m. 8. 

secs. 

secs. 

fia 


t). 














KfiBI 

47 Virginifl comp. 

• 

7-6 

26-4 

12 68 46-8 

4-2 

23-1 

46-80 

— 26-93 

— 1-80 

Rato with itaclf next day. 


Ditto 








— 26-81 


By A.S.O, only.^ 

17 „ 

Ditto 


6-0 

26-0 

12 63 44-6 

8-0 

22-0 

44-00 

-28-23 

— 1-30 

Otuod coincidence. Rate 
with itself prorioua day. 

19 April 

Ditto 


• • 

21-7 

12 63 40-9 

69-9 

18-8 

40-84 

— 81-27 

— 1-62 

Rate willi itaolf 2 days pro> 

7iuus. 

27 „ 

Ditto 


60‘7 

0-8 

12 64 28-8 

47-7 

6-7 

28-74 

+ 16-62 

- 10-9 

Rato with Reg. 3 days pro* 
viouH. 

1888 












8 May 

67 Virginia ilLd. . 

a 

18-8 

87-6 

13 16 66-4 

16-6 

34-6 

66-66 

+ 14-66 

— 1-10 

Rato with itself previous 
day. 

1839 












19 April 

Ditto 


36-0 

66-0 

18 16 14-0 

38-1 

62-1 

14-04 

— 31-82 

—1-48 

Rato witli itself 2 days pru> 
viuuB. 

27 „ 

Ditto 


23-6 

42-7 

13 17 1-7 

20-6 

80-8 

1-68 

+ 16-10 

— 1-04 

Bad flgnro. Rate with it- 
self next (lay. 

11 May 

79 Virginia comp. . 

z 

65-7 

14-1 

13 26 32-7 

61-2 

10-0 

82-74 

+ 0-60 

— 1-20 

Moan of rate, 

27 April 

82 Virginia comp, , 

m 

50’8 

0-6 

13 33 28*2 

47-0 

6-8 

28-28 

+ 16-98 

— 0-92 

Rato with itself 2 days 
after. 

29 „ 

Ditto 


49-0 

7-7 

13 83 26-4 

45-2 

4-0 

26-46 

+ 14-16 

-1-06 

Rato with itself 12 days 
after. 

11 May 

Ditto 


86-8 

64-6 

18 83 13-0 

81-7 

60-4 

18-08 

+ 1-48 

— 1-20 

Moan of rate. 

1838 












11 May 

86 Urate Majoria If, A 

« 

20-4 

66-2 

13 41 24-2 

63-3 

22-0 

24-22 

+ 12-84 

— 1-21 

Rato with itsolf noxt day. 

80 Aug. 

Ditto 


24-1 

68-0 

18 41 21-0 

61-0 

20-0 

22-00 

+ 12-26 

-2-04 

Very steady. Rato of /3 
Drao. 

IM 

8 Bootia N.A. • . 

ft 

37-4 

67-0 

18 47 16*8 

36-6 

66-0 

16-74 

+ 16-13 

— 1-00 

Rato with itsolf 4 days 
after. 

vn 

Ditto 


33-4 

63-0 

18 47 12-8 

32-6 

62-0 

12-74 

+ 12-12 

-0-83 

Rato with 3 Loo. 2 days 
after. 

8 June 

1889 

Ditto 


60-6 

10-6 

13 46 80-6 

60-6 

10-6 

80-60 

— 80-63 

— 1-70 

Steady. Rato with a Sorp. 
provleus day. 

29 April 

Ditto 


88-6 

68-2 

18 47 17-9 

87-6 

67-2 

17-88 


— 1-12 

Rato witli itsolf provleus 
day 

Rato witli Itsolf 12 days 
previous. 

11 May 

Ditto 


26-6 

46-8 

13 47 06-0 

24-8 

44-7 

6-08 


— 1-07 

18 July 

1888 

Ditto 


20-6 

40-2 

13 47 0-0 

20-0 

39-8 

0-12 

— 8-22 

— 0-10 

Clock rate uncommonly 
steady. 

7 May 

98 Virginia comp, . 

r 

6-0 

2S-0 

13 63 42-0 

1-0 

10-6 


+ 16-90 

— 0-62 

Rato with Arot. noxt day. 

81 „ 

Ditto 


16‘4 

41-7 

18 63 7'.0 

82-6 

67-9 


— 19-28 

— 1-44 

Steady, good. Rato by it- 
self 24 (lays provioua. 

2 June 

Ditto 


38-6 

89-0 

18 68 4-6 

30-0 

66-6 

4-60 

— 21-85 

— 1-28 

Rate by itself 2 days pro- 
vious. 


Ditto 


24-4 

42-8 

18 68 1-6 

20-2 

39-0 

1-60 

— 24-84 

— 1-60 

Rate by italilf 2 days pre- 
vious. 

8 11 

Ditto 


10-0 

87-8 

18 62 60-3 

16-0 

83-7 

66-36 

— 80-06 

— 1-80 

App. AR. comp, fur 1112 
Out. Rato with itself 4 

IBH 

Ditto 


63-4 

, 12-0 

18 68 80-6 

49-1 

7-8 

80-68 

+ 0-66 

— 1-23 

days previous. 

Rate with Proor 6 days pre- 
vious 

1888 











81 May 

11 Draoonia comp. . 

a 


46-7 

18 69 46-8 

1 46-0 

1 

46-6 

46-80 

— 17-79 

— 0-66 

Observed uneasily, Bate 
small just now. 
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DEDUCTIONS. 

SturM uamc. 


AU, 1 Jail, 1800, 

Approx, P.D. 

A 

AHt, 0. 

Bally 
Azlin. 
Dev. E. 

Stars compared for 
dally Azlm. 

Wt 

Az, cor- 
rection. 

Remarkg. 



b, lU. H, 

0 / 

a. 

B. 



8, 


47 VirKiiiin . . 

1 

12 64 42'88 

78 14 

— 0-28 

0-20 

y Oeph.S.P. and /3 dor. 

1 

-0-13 

Ap. AB. from a mean of 










A.S.C. and Oat of 1112 

1 Mtto 
DiUo 


91 

99 

— 0-18 

0-20 

Ditto 

8 

— 0-18 

stars. 

By A.S.O. only. 


19 

99 

— 0-02 

0*60 

y Urs. M, and )3 Corvi. 

8 

-0-38 

A regnlor night 

I 


1* 

99 

— 0-07 

0-46 

Ditto 

1 

— 0-29 

Tried several psurs of 

Ditto 



99 

+ 0-11 

0-81 

fi Boot and jS OorvL 

8 

+ 0-62 

stars. 

An nnsteady night. 

07 Virginitt . , 

. » 

12 17 17-flC 

100 22 

— 0-06 

0-61 

« UiB. AL and a* Lib. 

2 

+ 0-66 

Corrected for level also. 

Ditto 


)• 

39 

+ 0-02 

0-46 

y Utb. M. and |S Oorvi 

8 

+ 0-41 

A jirk between P.D. 68° 

Ditto 








and 74°. 


99 

99 

— 0-11 

0-81 

a Boot and /S Oorvi 

1 

+ 0-72 

Tried also by Polaris. 

711 VirKitiiB . . 

. c 

12 27 02-68 

80 60 

— 0-60 

0-20 

a Ursse Maj. and Spica 

0 

— 0-69 

Confirmed by orthodox 









method. 

HiJ VltKinlH . . 

. Ill 

12 23 43-01 

07 67 

— 0-34 

0-81 

a Boot, and /3 Oorvi 

1 

+ 0-09 

An interesting night 

Ditto 


99 

99 

+ 0-64 

1-00 

a TJrsffi Maj. and Spica 

0 

-1- 0-87 

One of the best nights. 

DUto 


99 

99 

+ 0-16 

0-20 

Ditto 

0 

+ 0-16 

The orthodox redaction 








gives— 0-62. 

K5 Uniu Majorio 

. tt 

12 41 30-43* 

30 67 

0 

0-61 

y Drao. and Spica 

0 

+ 0-08 

Initiatoiy night, index 









star. 

f )itto 


11 

91 

+ 0-20 

1-18 

/3 Drao. and /3 OphL 

1 

+ 0-06 

Only 6 transits to-night 

H UootiK . . . 

. *1 

12 47 82-30 

70 61 

+ 0-04 

1-00 

mean and Spica 

1 

+ 0-67 

Level W. 0"-81. 

Ditto 


11 

11 

+ 0-00 

0-61 

a UiBS Maj . and Spica 

2 

+ 0-34 

Level W. 2"-86. 

Ditto 


>1 

J1 

+ 0-13 

1-28 

mean of 7th and 9th 

0 

— 0-70 

No low Greenwich star. 

Ditto 


11 

19 

+ 0-20 

1-00 

a Ursse Maj . and Spica 

2 

+ 0-67 

By Polaris did not suit 
so well. 

DUto 


11 

11 

— 0-06 

0-20 

Ditto 

0 

+ 0-11 

Compared with orthodox 
reduction. 

Ditto 


11 

11 

— 0-11 

0-90 

a Urs. M. and j3' Soorp. 

0 

— 0-61- 

Clock has become steady 

Un Virgihlrt . . 
Ditt<» 

. T 

13 64 00-88 

91 

87 44 

99 

+ 0-01 
— 0-22 

1-00 

1-00 

mean and Spioa 
a mean 

8 

1 

+ 0-76 
-0-76 

A troublesome night 

Only four transits. 

Ditto 


>1 

99 

— 0-13 

0-60 

a Ursse Maj. and mean 

2 

— 0-88 

Only three tnmsits. 

Ditto 


99 

9) 

— 0-22 

1-86 

a Uisse Maj . and Spioa 

0 

— 1-01 

Short night. 

Ditto 


19 

91 

— 0-10 

1-23 

mesm of 7th and 9th 

8 

— 0-93 

Levd W. 0"-02. 

Ditto 


99 

99 

-0-78 

0-20 

a Ursse Maj. and Spioa 

0 

+ 0-16 

Agrees nearly with or- 
l^odox rednotion. 

11 DracouiB , . 

, a 

14 00 10-07 

24 66 

-0-06 

1-00 

a mean 

8 

-1- 0-66 

Plus because N. of zenith. 


2o2 
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SPIOULUM TT A R TWILLIA-IT XTM, 



aeca. secs. h. m. s. secs. secs. s. 

=» Dlto 52-2 8»-8 1* 0 20-6 4-8 49-0 20-66 -H4-64 -MO wiU. ifoU 2 .la^ I,re. 


1888 

4 June 1610 Virginis P. 

comp 


7 May 16 Bootis JV.A. . 


1889 
27 April 


100 YiiginiB comp. 
Ditto 


1889 
27 April 


. 69*0 18*2 14 1 87-4 56-6 16-4 


a 66-8 16-0 14 8 84*7 64-4 14-1 

64-0 14-0 14 8 84-0 53-9 14*0 

11-6 31-3 14 7 61*1 10-8 80-6 

10-0 29-6 14 7 49-2 9-0 28-6 

48' 6 6*4 14 8 ■26-2 46-0 6*8 


69-0 18*7 14 8 88*4 68-2 18-0 

66-6 16-2 14 8 88-0 66-8 16*7 

43*2 3*0 14 8 28-0 43-0 2-8 

89*8 69*4 14 8 19*1 30'O 68*9 


89*0 68*6 14 8 18-4 88*0 68*0 


. X 1-0 20*0 14 10 89-0 68*0 17*0 

0 19-0 14 10 88*0 67*0 16-9 


6*0 24-0 14 10 48-0 2*0 21*0 


— 24*26 — 1*38 Italo ■with Hpioa 3 dayw 

after . Tlut foouH not goost • 

. . Oloek just put forward. 

— 0*73 Itato with itsolf yostorduy . 

27*60 — 1*-13 Itato with itmOf sinoo May* 

21)*42 — 1*82 Itato with ItHi'lf yewtorday. 

+ 8*76 —2*19 Itato with itself 6 days 

viuua. 

+ 16*76 —1*17 Itato with S Loo. 3 day» 
previous. 

+ 14*32 — 1*22 Itate with itHolf 2 days 

vluuH. 

4 . 1.24 — 1*09 Rate witli itself 32 dtty» 

previous, 

— 2*20 — 0’12 Clock uncommonly stoatly. 

Itato witli itself 10 (Iivya 
previous. 

— 2*00 — 0*07 Rate wltli itself 13 rl*ty« 

previous. 

+ 16-62 — 1*03 Rate with itself next day. 

+ 14*49 — 0*91 Itato with S fcicorp. 2 tlrayM 

after. 

+ 16*00 — 3*21 Bate witli itself next day. 


2 Librse comp. 


42*0 1*0 14 14 20*0 39*0 68*0 


28 Sept 

1889 

29 April 


27 Bootis comp. . . ■>< 48*0 12*0 14 26 86*0 0 28*8 


86 Bootis If. A. 


1889 
29 April 


« 48*0 9*0 14 87 29*8 60*7 11*8 

22*8 43*8 14 88 4*8 26*8 46*8 


82*6 68*6 14 38 14*6 86*6 66*6 
16*8 86*8 14 87 67*8 18*8 89*8 


29 April 9 Libr® Jf. A. . . ol 86*6 66*8 14 42 16*0 34-6 68*6 

18 July Ditto 19*7 89*0 14 41 68*0 17*1 86*2 


20 Libre comp. . , y 12*8 88*3 14 64 63*6 13*8 84*0 


42 Bootis comj>. 


14*8 86*8 14 64 66*0 16*6 87*2 


^ 8*0 27*7 14 66 62*1 17*0 41*8 


— 24*39 —1*86 Bad focus. Itato witU 

Libre 3 days after. 

— 2*31 —0*11 Clock rate smaU^ witli ff 

tJys* 

— 27*27 — 1*06 Rato with Itself 2 clnya 

before, 

+ 9*09 —0*97 Steady. Itate with yA<i,u I 
previous day. 

+ 14*60 —1*20 Itato with itself proviousi 

(lay. 

— 2*06 —0*04 Clock steady. Rate wli,]i 

itself 4 days proviouj), 

+ 18*62 —1*10 Bate with itself provluum 
day, 

— 3*60 — 0*09 Itato with /a'Raglt. i;i 

bofuro. Clock vei7 stcirvf ly, 

+ 14*77 — 0*76 This is also oallod y Hciorv . 

itato with X Virg. 1 day 
previous. 

+ 18*60 — 1*03 Bate with Itself proviciun 
day. 

— 2*66 — 0*08 Small rate with a OyignI 

14 days previous. 
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DEDUCTIONS. 


HlAT'a name. 


Alt. 1 Jon. I860. 

Approx. P.D. 

A 

AstO. 

Dally 
AxIju. 
Dq7. £. 

Stars compared for 
dally 

Wt. 

Az. cor- 
reottoo. 

Bemarka. 



h. m. B. 

0 / 

8. 

B. 



fl. 


11 DraoonlH . . , 

a 

Id 00 oil* 

24 63 

— 0-49 

0*81 

«) Boot, and j3 Oorvi 

0 

— 0*46 

Not safe N. of zenith. 

Ditto 


93 

II 

— 0*40 

1*00 

n Urs. MaJ, and Spioa 

0 

-0*68 

Minus because N, of ze- 









nith. 

1010 VIiTtinlH P. 317 


U 02 38*81 

106 SB 

+ 0*66 

1*86 

D Ui8. Mig. and Spioa 

1 

— 1*80 

Tory short night. 

10 JtoutiR .... 

u 

Id 08 48*01 

70 02 

— 0*06 

1*00 

Mean and Spioa 

8 

+ 0*66 

Only two unknown stars. 

Ditto 


93 

If 

+ 0*38 

0*81 

ti Ur. Maj. and Lib. 

8 

+ 0*86 

Level W. 0"-87. 

Ditto 


93 

II 

+ 0*41 

0*87 

4 Urs. Maj. and Spioa 

1 

-0*49 

Tolerable night. 

Ditto 


99 

91 

+ 0*27 

1-28 

Mean of 7th and 9th 

0 

— 0*69 

Stars irregnlu. 

Ditto 


99 

J9 

+ 0*29 

1*80 

Mean and S AqnL 

3 

+ 0*78 

Level W. + 0''*64. 

Ditto 


i» 

ll 

+ 0*23 

0*81 

4 Boot, and j3 Corri 

8 

+ 0*46 

An important night. 

Ditto 


93 

If 

+ 0*42 

1*00 

4 Crs. Maj. and Spioa 

2 

+ 0*66 

A long series. 

Ditto 


33 


-0*07 

0*20 

Ditto 

8 

+ 0*11 

Agrees nearly with the 









orthodox reduction. 

Ditto 


33 

If 

-0*01 

0*40 

y Drao. and a Ophin. 

1 

— 0*22 

Level E. + 0"*80, 

Ditto 


99 

II 

+ 0*12 

0*90 

4 Ur. Mcy . and 0 Soorp. 

2 

— 0*60 

Clock steady at last. 

100 Vlrglnle . . . 

X 

14 10 C9*82 

102 41 

-0*17 

1*00 

Mean and Spioa 

2 

+ 0-93 

A moon onhninator. 

Ditto 


39 

93 

— 0*20 

0*61 

4 Ur. Maj, and Lib. 

2 

+ 0*66 

A troublesome night. 

Ditto 


If 

99 

+ '0-26 

0*81 

4 Boot, and j3 Corri 

2 

+ 0*73 


2 Lliinu .... 

• 

Id 16 20*86 

101 01 

+ 0*44 

1*86 

4 Urs. Msj. and Spioa 

8 

-1*22 

Level W. + 0"*26. 

27 Bootlfl .... 

7 

14 26 02*26 

61 03 

+ 0*24 

0*40 

ly Drao. and a Ophin. 

3 

o 

1 

Few transits, bnt regular. 

do Bootie .... 

1 

Id 88 26*70 

62 10 

+ 0*62 

0*87 

4 Un. Miy. and Spioa 

1 

— 0*40 

A good series. 

Ditto 


39 

If 

+ 0*66 

1*80 

4 Ur. Maj . and $ Aqni. 

2 

+ 0*60 

Nearly all Qreenw. stars. 

Ditto 


99 

93 

+ 0*63 

1-00 

4 Urs. Mq. and Spioa 

0 

+ 0*46 

A good night’s work. 

Ditto 


99 

99 

+ 0*36 

0*40 

Ditto 

2 

-0*18 

A steady night. 

9 LIbm . . . 

a® 

14 42 86*40 

106 26 

+ 0*08 

1*00 

4 Urs. Maj and Spioa 

8 

+ 0*96 

A satisfactory night. 

Ditto 


If 

If 

— 0*08 

0*90 

4 Ur.Maj. and^' Soorp. 

8 

— 0*86 

Gnod trana. S. of zenith. 

20 Libres . . . 

7 

14 66 17*06 

114 41 

+ 0*20 

0*61 

4 Ur. Maj . and a* Lib. 

2 

+ 0*66 

A tolerable series. 

Ditto 


79 

93 

+ 0*16 

1*00 

4 Ur. Maj. and Spioa 

8 

+ 1*07 

The olock getting tron- 
blesome. 

42 Bootis . . . . 

/3 

U 66 17*44 

49 02 

+ 0*18 

0*90 

4 Dr.Maj.and jS'Soorp 

2 

-0*23 

Clock rate steady 

1 
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SPEOULITM HAUTWELLIANUM. 


OBSEBVATIONS. 







Telescope -fflres. 




■■ 

■■ 


Date. 

Star’s name. 






Mean 


liomurkH. 


■ 

n. 

Oentre. 

IV. 

V. 

Transit. 






1838 

7 June 




secs. 

n. zn. a. 

secs. 

BOCB. 

B. 

a. 

B, 


27 Librse 2f. A, . . 

A 

14-0 

83-0 

16 7 61-8 

10-6 

29-6 

61-78 

— 28-48 

— 1-44 

liatti with Spioit Iho ju»xt 
liny. 

1889 

29 April 

Ditto 


69-4 

18-2 

16 8 87*0 

66*8 

14-6 

36-08 

+ 13-44 

— 1-00 

Unte witli 2 (> Ijlliruf 1 <triy 
bofon'. 

4 July 

Ditto 


48-0 

2-0 

16 8 21-0 

40-9 

68 -0 

20-96 

— 2-82 

— 0-06 

1 

Jiato with itHcli' M iluyfl pw- 
viouH. 

16 „ 

Ditto 


48-0 

1*7 

16 8 20*6 

89-0 

67-8 

20-40 

— 8-33 

— 0-06 

llato with itei-lf 1 1 dnye 
huror(«, 

18' „ 

Ditto 



1-0 

16 8 20*0 

39-0 


20-00 

— 3-71 

— 0-13 

liato with itaulf !) <layH 











VidllN, 

1838 

28 Sept. 

Corona Borealis i7. A . 

a 

18-0 

38-6 

16 27 69-6 

20-6 

41-3 

60-60 

+ 8-76 

— 1-31 

Unto with y Ai|ul. prnvlotitt 

29 Oot. 

Ditto 


8-0 

29-0 

16 27 49-9 

10-8 

31-7 

49-88 

— 0-72 

— 1-20 

Jiale with y A 4111 . •> tlayH 
proviuiu). 

1839 

16 July 

Ditto 


10‘8 

• • 

16 27 62-0 

13-0 

• • 

62-00 

— 2-86 

-0-16 

[tutd with itH(«tf 3 (luyH pni- 
viuuH. 

18 „ 

Ditto 


lO’O 

31-0 

16 27 62*0 

18-0 

34-0 

62-00 

— 2-82 

— 0-01 

Itatn witli itsdir 3 ilaya ptH--' 












ViOUH. 

29 April 

Libree comp. . . . 

X 

22-2 

42-6 

16 31 2*8 

28’0 

48-2 

2-74 

+ 13*60 

— 0-84 

Itato witli 20 Dill, iiruviouH 
day. 

1888 











7 J\uie 

Serpentis If. A. . . 

a 

14*0 

88-0 

16 86 61‘8 

10-0 

20-0 

61-66 

— 28-86 

— 1’68 

Itatn with Ai'ct. 2 itayN 











hiiforo. 

1839 

29 April 

Ditto 


69-3 

18’0 

16 86 88-6 

66-2 

14-0 

36-00 

+ 13-70 

— 1-42 

liato with 1 Virg. 2 dnya 
pwviouH. 

15 July 

Ditto 


42-6 

1-2 

16 86 19-9 

88'7 

67-6 

10-08 

— 3-11 

-0-06 

With lorgn pownp No 4. 
Jtatn with Itiwlf 3 duya 
after. 

18 „ 

Ditto 


, , 

1-0 

16 86 19'8 

38’6 


10-80 

— 3-27 

— 0-06 

hate with itaolf it daya {im* 












viuuH. 

29 April 

7 Soorpii comp. 

3 

26*6 

46-6 

16 61 6-7 

26-6 

46-9 

6-64 

+ 13-73 

— 1-14 

Itatu with A. Vtr^. 2 dayn 
provioiui. 

18 July 

8 Sooi^ii If, A, 


26*2 

46-0 

16 66 4-6 

24-2 

44-0 

4-60 

— 3‘61 

— 0-06 

Wind lidiHloi-ouB, Itatn hy 
jS Llh. ,3 dayrt pravluui, 

18 „ 

1 Ophiuohi If, A. . 

3 

17-0 

86’6 

16 6 64-2 

12-8 

81-3 

64-18 

— 3-40 

— 0-06 

liato witli Dill, li dayn i 

1838 











previous. 

7 June 

20 Soorpii comp. 

ff 

14-7 

S 6-0 

16 10 66-4 

16-0 

36-1 

66-44 

— 28-44 

— 1-70 

Cloudy, Rato by i Ophi. 
fullowinp; day. 

7 June 

21 Soorpii If. A. 

a 

22-0 

42-8 

16 19 8-6 

24-3 

46-0 

8-64 

— 28-30 

-1-03 

Rato by 6 Ophi. fciILowlng 
day. 

11 May 

23 Soo^ii comp. . 

T 

20-0 

41-0 

16 26 2*0 

28-0 

44-6 

2-10 

+ 11-18 

— 1-62 

Itato by itntdf 2(1 day* 

7 June 

Ditto 


41-0 

2-0 

16 26 23-0 

44-0 

6-0 

23-00 

— 28-83 

— 1-90 

after. 

Rato by i Ophi, tho follow- 
ing day. 

11 May 

26 Soorpii comp. P. 170 

• • 

60-0 

16 87 11-0 

81-0 

61-0 

10-67 

+ 11-14 

- 1-68 

Rate with 6 Ophi, 27 day» 












after. 

8 June 

42 Ophiuohi comp, , 

i 

66-6 

16'0 

17 11 80'4 

67-0 

17-6 

86-60 

— 30-23 

— 1-98 

Rato by Antorea prevlou* 










j 


day. 

28 Sept. 

23 Draoonis If, A. ■ 

/s 

64-8 

26-2 

17 26 66-8 

26-8 

66-7 

66-76 

+ 8-47 

— 2-81 

Rato by a (toph, 2 days 












after. 
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DEDUCTIONS. 


Star’s name. 

An. 1 Jan. 18&0. 

Approx. P.D. 

A 

Aflt 0. 

Dolly 
Aziin. 
Dov. E. 

Stars compoTod for 
doily Aslin. 



Ii, m. B. 

0 / 

s. 

a. 


27 Libra: . . . . 

■ H 

16 08 60-36 

08 40 

— 0-14 

0-87 

tt Ura. Ifai. and Spica 

Ditto 


99 

99 

— 0-00 

1-00 

Ura. Maj. and Spioa 

Ditto 


.. 

» 

— 0-17 

0-63 

a Oyg. and a? Oopr. 

Ditto 


99 

99 

— 0-03 

0-40 

y Drao. and ft Sagitt. 

Ditto 


99 

99 

— 0-30 

0-00 

n Ur. Maj. and p! Soorp. 

Corona fioroolis . . 

. a 

16 28 10-02 

62 47 

+ 0-80 

1-30 

n Ur. Maj. and 9 Aqui. 

Ditto 


99 

19 

+ 0-61 

1-28 

a Cyg. and Oaprlo. 

Ditto 


99 

99 

+ 0*24 

0-49 

y Drao. and ft Sagitt. 

Ditto 


99 

99 

+ 0-10 

0-00 

ti Ur. Ma. and jS' Soorp. 

Libra: , . 

• X 

16 31 24-00 

113 10 

+ 0-36 

1-00 

n Ura. MtJ, and Spica 

Sorpontis . . . . 

, a 

16 36 62-02 

83 00 

-0-33 

0-87 

fi Ura. Maj, and Spica 

Ditto 


99 

99 

+ 0-12 

1-00 

Ditto 

Ditto 


99 

99 

+ 0-11 

0-49 

y Drao. and f* Sagitt. 

Ditto 



99 

— 0-08 

0-90 

Ur. Maj . and /S' Soorp. 

7 Sooipii , , 

. S 

16 61 28-84 

112 11 

+ 0-40 

1-00 

*1 Ura. Miy. and Spioa 

8 Soorpii . . < 

. 

16 66 48-37 

109 23 

+ 0-03 

O'OO 

n Ur. Maj. and Lib. 

1 Ophiuolii . , 

, i 

16 06 20-08 

98 18 

— 0-16 

0-00 

fi Ur. Maj. and j3' Soorp. 

20 Soorpii . . 

. V 

16 12 04-68 

116 14 

+ 0-11 

0-87 

>) Ura. Maj. and Spioa 

21 Soorpii 

. a 

16 20 18-21 

116 06 

+ 0-27 

0-87 

If Ura, Maj, and Spioa 

28 Sooipii . . 

r 

16 26 88-18 

117 64 

-0-32 

0-61 

If Ura. Mcy. and Spica 

Ditto 


99 

i 

I 

+ 0-27 

0-87 

Ditto 

26 Soorpii . P. 

170 

16 87 41-18 

116 16 

— 0-47 

0-61 

If Ura. Maj. and Spioa 

42 Ophiuolii 

. 6 

17 12 47-98 

114 62 

+ 0-27 

1-28 

Mean of 7th and Oth 

28 Draoonis , , , 

. /s 

17 27 02-89 

87 36 

— 0-42 

1-80 

If Ur. Maj . and 9 Aqui. 



2 


2 

3 

S 

1 

2 

S 

1 

1 

2 

8 

8 

2 

0 
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SPEOUITJM: HAETWIUjIANIIM, 



OBSBRYATIONS. 


Telescope vires. 


secs. BOOS. h. m. s. 
60 Ophinolii com^. . J3 64*2 18‘0 17 85 81*8 

8 Sagittarii oomj). . p 64*0 16*0 17 87 86*0 

Ditto 12-0 38-0 17 86 64*4 



secs. B. 
9‘4 81-80 

18-0 88-00 


11 May 
81 Aug. 


88 Drao. JN'. A. . 
Ditto 


y 6*6 86*0 17 68 6*0 

2-7 82-8 17 63 2-6 


13 Sagittarii iV. A., ft 20-6 40-6 18 04 . . 


10 Sagittarii comp, , i 27*0 48-3 18 10 0-8 


27 Sept. 
25 Nov. 


27 Sept. 
8 Oot. 


dLjmIf.A. ,, a . . . . 18 81 80*5 

Ditto . . 16-0 18 31 80*6 

Ditto 60-0 14*7 18 81 88-8 

Ditto 41'3 6*0 18 81 20*0 

27 Sagittarii comi). . ^ 22*7 48*6 18 36 4*8 

Ditto . . 24*4 18 86 46'1 


10 Lyree N. A. . 


. . 24*4 18 86 46'1 

fl . . . . 18 44 4-8 


80 Aug. 84 Sagittarii calc. 

81 „ Ditto 

27 Sept. Ditto 

27 Sept. 14 Lyre calc. 


80 Aug. 40 Sagittarii calc. 


17 A<iuilffl iV. A. 
Ditto- 


64*86 

— 30-46 

— 2-16 

6-04 

2-64 

+ 12-08 
+ 0-06 

-1-02 

-1*04 

0-60 

— 2-32 

+ 0*06 

0-80 

— 80-64 

— 2*24 

80*47 

80-68 

+ 10*87 
+ 12-16 

-2*12 

-1*17 

88*40 

— 10-00 

~1*17 

28*06 

— 8*06 

O 

I 

4*82 

— 30-60 

— 2*20 

46*10 

+ 10-28 

— 2*44 

4*72 

— 2-86 

— 2-08 

27-22 

-1- 10*81 

— 1-76 

24*68 

+ 8-20 

— 2-62 

26-70 

+ 9-78 

— 2-28 

6*66 

+ 10-10 

— 2-17 

60-64 

+ 6-80 

— 2*20 

8-40 

+ 10-66 

— 2-80 

, 1-00 

+ 8-16 

-1-01 

10-00 

+ 10-12 

-2-16 

4*22 

+ 4*64 

— 2-08 

1*00 

— 2-68 

+ 0-01 


Bate with a Sorp. 7 days 
after. 

Pretty steady. Bate with 
Antaros tho day before. 
Itato by Antarus previous 
day. 

Zon.timo. Bate by Oapella, 
Bate by /i Drao. previous 
day. 

AsRumod. Bate with aP 
Lib. 4 days before. 

Bate by Antaros previous 
day. 

Bate witli a Oor. next day. 
Oloar and steady. Rato 
witli itself next day. 

Oloar and steady. Ilato of 
Fumol. 3 days after. 

Bate with Oapella 8 days 
X)roviouB. 

Rato by Antaros previous 
day. 

Tremulous. Rate with ? 
Aqui. next day. 

Rato wlQi y A(j[ui, 8 days 
before. 


/3 Ophiu. 10 days previous. 

13ad figure. Rato with it- 
self previous day. 

Very trom*. Rato with 
y Capr. 8 days after. 

Bate with j3 Lyrat 6 days 
after. 

Oomp. by 1112 Oat, R*te 
with y Cyg. 2 days before. 

Faint. Rato with itself 

next day. 

Cilood coinoldonoo. Bate 
-with n' Sagitt. 8 days 
after. 


viouB day. 
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DEDUCTIONS. 




Star’s name. 


Alt. 1 Jan. 1850. 

Approx. P J}. 

A 

Daily 

Stars comporod for 

Wt. 

As, cor- 

Itomorlis. 





Ast. C. 

Dov. ii. 

dolly Axim, 


rectlon. 



li. m. B. 

O * 

a. 

Ab 



B. 


GO Ophiuohi . . . 

/a 

17 36 03-02 

86 22 

+ 0-26 

0-40 

Y Droo. and a Ophin. 

2 

— 0-20 

Tolorablo night 

3 Sogittorii . . . 

p 

17 38 00-86 

117 46 

+ 0-26 

0-61 

n Uts. M^. and Spioa 

2 

+ 0-66 

Irregular sorios. 

Ditto 



91 

+ 0-10 

1-28 

Moon of 7tli and 9th 

2 

— 1-36 

No low Greenwioh star. 

83 Dnioonifi , . . 

V 

17 C 3 07*16 

38 29 

— 0-18 

0-61 

« Urs, Moj. and Spica 

0 

0 

Too near tho zenith. 

Ditto 


91 

99 

+ 0-17 

1-86 

jS Drao, and (i. Sagitt. 

0 

0 

A zenith star. 

IS Sogittorii . . . 

t 

18 04 47-28 

111 06 

+ 0-33 

0-40 

y Droo, and a Ophin. 

0 

— 0-40 

Tolerable. This star 









agrees host with t Boot. 

10 Saglttarii . . . 

1 

18 11 23-18 

no 64 

+ 0-00 

1-28 

Moan of 7th and 9th 

3 

- 1-40 

Tronblosomo night. 

3 Lyrto .... 

a 

18 31 CO -07 

61 21 

+ 0-21 

1*18 

Moan, stars too oloso 

1 

+ 0-36 

Groonw. stars too close. 

Ditto 


19 

99 

+ 0-32 

0-60 

a Oyg. and Fomal. 

0 

+ 0-16 

Shoil: but good night 

Ditto 


11 

99 

+ 0-33 

0-31 

y Drao. and Fomal. 

1 

+ 0-09 

Transits irregular. 

Ditto 


99 

99 

— 0-03 

0-49 

y Droo, and n Sagitt. 

3 

— 0-16 

No porcoptiblo oollima- 










tion error. 

27 Sagittarii . . . 

i 

18 36 17-30 

117 08 

+ 0-01 

1-23 

Moan of 7th and 9th 

1 

- 1-86 

Tried soToral stars for 










deviation in Azlm. 

Ditto 


” 

99 

+ 0-30 

1*18 

Mean, stars too oloso 

1 

+ 1-30 

Greeuw. stars too oloso. 

10 Lyraj .... 


18 44 82-01 

66 49 

— 0-03 

1-00 

a Lyreo and moan 

2 

- 0-88 

Tho Groonvrioh stars too 









nour ooch other in P.D. 
this night 


84 Sagittarii . . , 

tr 

18 46 67-73 

116 20 

+ 0-82 

M 8 

/3 Drao. and /3 Ophin. 

3 

+ 1*20 

Very fow stars observed, 
cloudy. No poroopUblo 
error of coUimatlon. 


Ditto 


91 

11 

+ 0-04 

1-30 

/3 Drao. and ftf Sagitt. 

3 

+ 1-48 

Lovol was applied. 

Ditto 


T9 

If 

+ 0-03 

1-18 

(( Lyree and mean 

1 

H- 1-29 

Level error W. + 0-67. 

14 Lyreu .... 

y 

18 68 10-84 

67 31 

— 0-82 

1-18 

Moan of 27th and 28th 

0 

+ 0'47 

Stars tromulous. 







inst 




Ditto 


TV 


+ 1-22 

1-26 

a AquL and moon 

0 

+ 0-60 

Epps made tho Azlm. 









dev. l'*36, but does not 
say how. 


40 Sagittarii cah, . 

r 

18 67 84-12 

117 68 

+ 0-14 

1-18 

^ Drao. and 0 Ophin. 

8 

+ 1-28 

Returned tho Axis. 

Ditto 


19 

99 

— 0-06 

1-86 

/3 Drao. and fa Sagit. 

2 

+ 1-61 

Ohongoahlo night. 

17 AquUs, . . . 


18 68 80-44 

76 21 

— 0-10 

1-18 

a Aqui. and ^ Aqni. 

8 

+ 0-76 

Azim. dov. diffioult. 







baWoed. 

‘2 



Ditto 


99 

” 

+ 0-14 

1-26 

a Aqni. and mean 

+ 0-79 

Tried several eye-piooos. 

Ditto 


99 


— 0-12 

0-63 

a Oyg. and a’ Oaprio. 

2 

— 0-40 

OolUmation too little to 









oorroot for. 
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SPEOTJLTJM HAJaTWELLIANUM. 


OBSEEVATIONS. 



1888 

SI Aug. 67 Draconis eaie. 
28 Sept. Ditto 


1888 

81 Aug 80 Aquilffi A. A. 


Telescope wires. 


I. n. Centre. 


sees. secs. h. m. a. 

S 4-8 68-0 10 12 41*4 


2-0 50-6 19 12 88*6 
67-0 46*6 19 12 88‘7 


42‘0 19 12 80*2 


3 64*8 13-0 19 1 7 81-6 

48-8 7-6 19 17 26-2 


27 Sept. 62 Sagittarii cak. . 22-6 48-0 19 27 8*6 


27 Sept. 60 AquUte N.A. . y 8-0 27*0 19 88 46*0 


6-0 24-8 19 88 48-8 
1*6 24-4 19 88 89-2 


2*3 21-1 10 88 40-0 


7*7 20-6 19 88 46*8 


Error. 

rote. 


18*0 41-40 + 9‘81 —1-90 


16-0 88-00 + 9-10 —2-02 

10-6 88-74 + 6-88 —2-20 


7-0 80-07 — 2-82 —0-14 


8-6 81-40 + 8-97 — 2-06 

8-6 26-10 + 4-49 —2-24 


44-6 8-60 + 0-71 —2-21 


28-9 46-98 + 10-06 —2-16 


21-0 43-62 + 7-72 — 2-34 

17-0 39-24 + 3-37 —2-18 


17-8 40-04 + 4-60 — 2-20 


AU. rroin 1112 Cat. 
with y Dnu-oniH 3 daya 
aftor. 

Very trc'inulotiB. UnUnvitli 
ti (iiqdi. 2 (laya after. 

Itatn with y Dmu. 4 daya 
after. 

Itatfl wllli n lira. MaJ. ti 
(layH afttu-. 

Koto willi ^ Aqui, 8 (lay» 
liefon^ 

liato witli iUi'lf il rtaya lic- 
foro. 

Kate with fi Hagittar, 7 
(laya before. 

Ilato with itaelf 0 ilaya br- 
foro. 

Olniicly. UaUt with itaitlf 
yi*Htprilay. 

itnln with lUelf 2 ilaya 
foro. 

Rato with itW'lf fi ilaya liO'* 
fore. 


23-0 46-86 + 10-29 —1-13 Rate with itiwlfyoetPrUay. 


1888 

81 Aug. 68 Aquilse N. A, 
27 Sept. Ditto 


80 Sept. 


1838 

81 Aug. 00 Aquilffi If, A. 


68-4 . . 19 88 30-2 . 


a 26-7 46-6 19 48 4-8 

27- 2 46-1 19 43 6-0 

. . 44-0 19 4 8 8-0 

21-0 80-9 19 42 68-8 

26- 2 44-8 19 43 8-6 

28- 2 47-0 19 48 6-8 

27- 0 46-8 19 48 4-7 


18-0 87-0 19 42 66-6 


/3 66-6 14-2 19 47 82-8 

64-8 18-4 19 47 82-0 

60-6 9-2 19 47 27-9 


47-0 6-6 19 47 24-0 


14-0 36-20 — 3-10 


42-0 4-32 + 8-78 

42-8 6-02 + 9-77 

40- 7 2-98 + 7-74 

36-4 68-74 + 8-63 

41- 2 8-62 + 8-80 

48-1 6-72 + 11-29 

42- 2 4-64 + 10-22 


33-0 66-70 - 2-90 


10-2 32-84 + 8-69 

0-6 82-10 + 8-00 

6-2 27-88 + 4-40 


2-0 24-30 — 3 01 


Rale with fi Librn 1 1 lUya 
after. 

Rate with fi Oiiliiu, 8 day* 
after. 

Rato with lUclf fi day* he* 
foro. 

Cloudy. Rato with itaelf 
ypHterday. 

Cloudy. Rato with itmdf 
2 day* before. 

Cloudy. Rate with itwdf 
4 days previotu. 

Steady, Itttto with Itaolf 
next day. 

Rato with itaelf 12 day* 
after. 

Itttto with fi Ophiu. noxl 
<ltty. 

Rato wlili fi Ophiu. 3 day* 
after. 

Cloudy. Rato with itaelf 
*i day* beforo, 

Rato witli itwilf 2 daya be« 
foro, 

Rate with fi Ophiu. next 




MR. EPPS’S MERIDIONAL OBSERVATIONS. 


2i 


DEDUCTIONS. 


Stor'y nnino. 


All. IJan. 1860. Approx. P.D. A Stais compared to -wt. 

Aat. 0. daily Azim. 


C7 Dracoiiin . . 

■. » 

19 12 29*60 

Ditto 


1> 

Ditto 


9i 

Ditto 


J| 

;I0 Aquiliu . . 

. i 

10 17 C5-40 

Ditto 


1) 

62 Bogittarii . . 

. /i? 

10 27 34'13 

6(1 Aquliu . . . 

, y 

10 30 07-C7 

Ditto 


n 

Ditto 


n. 

Ditto 


11 

Ditto 


If 

Ditto 


11 

6:t Aquiloc . . . 

• a 

10 43 27'67'' 

Ditto 


11 

Ditto 


If 

Ditto 


If 

Ditto 


11 

Ditto 


ii 

Ditto 


11 

Ditto 


91 

lid Aqnilio . . ■ 

. H 

19 47 66*64 


1*86 

(3 Drao. and ft,' Sag. 

1*30 

3 Drao. and 2 Aqui. 

1*26 

a Aqui. and mean. 

0*63 

a Cyg. and a Oaprio. 

1*86 

/3 Drao. and /a Sagitt. 

1*26 

a Aqui. and mean. 

1*18 

Mean of 27th and 


28th inBt. 

a Ly. and J3 Aqni. S 
bold. 28th 

4 U. Maj. and S Aqni. 2 
a Oeph. and 0 Aqua. 2 

a Aqui. and mean. 2 

y Droo. and Fomalt. 1 

a Gyg. and a* Oaprio. 0 

^ Drao. and Sag. 2 

a Lyr. and jS Aqui. 1 

and 28th. 

} Drao. and } AquL 3 

a Oeph. and ^ Aqua. 2 

a Gyg. and d? Oaprio. 8 

a Cyg. and FomalL 2 

y Drao. and Fomalt 1 

a Gyg. and a* Oaprio. 0 

^ Drao. and ft Sagitt. 2 

a Gyg. and a Oaprio. 8 

a Aqui. and mean. 8 

a Gyg. aud o* Oaprio. 


6 I Level error E. 0*07. 


The only unknown star 
to-night. 

Observed Encke's comet 
eJbo. 

Shifted the E. to W. 


Observed 82 Urs. Min. 
Regulated chronometers. 

Level W. + 0‘67. 


N.A. differs from AS.C. 
which gives AR. less 
by *13. 

Tranaits very irregular. 

From P.D. 97“ to 107“ 
clook err. too small. 

Obsd. from P.D. 22“ to 
116“, but results very 


0*19 

Olook errors veryirreg. 
to-ni^t. 

0*40 

Obsd. by Mr. Mairn thia 
night. 

0*96 

Bad figure. 

0*83 

a Aqui. gave more Azim. 
dev. 

0*60 

Though many Gr. stars, 
results irregular. 

0*82 

Results irregular. 

0*01 

Only one unknown star. 

0*36 

Ch>od series to-night. 

0*21 

Long but irreg. series. 

0*44 

Obs. by Mr. Mann. 

0*08 

Tolerably regular. 

0*04 

Only 6 transits to-night. 

0*90 

Az. dev. by Epps 1*85. 

0*46 

Eye-pieoe changed. 


$ 
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SPEOULTJM HARTWILLIAJS^TJM, 


OBSERVATIONS. 






Teleaoopa wires. 







Date. 

Star’s name. 







Moon 

Clock’s 

Itomarlcs, 


I. 

11. 

Oentre. 

IV. 

V. 

Transit. 

Error. 

DoUy 

rate. 







secs. 

sees. 

h. m. 8. 

secs. 

secs. 

B. 

B. 

8. 


1838 










81 Aug. 

62 Sagittarii cak. . 

c 

11*1 

82*2 

19 62 63*2 

14*3 

36*6 

63*26 

+ 08*26 

— 1*06 

Hazy. Rato witli ft' Sagitt. 











— 2*02 

3 days oftor. 

27 Sept. 

Ditto 


12-2 

33-0 

10 62 64*1 

16*1 

36*0 

64*08 

+ 09*42 

Rato wltli y Aqui. 3 days 












after. 

1889 
i July 

66 Aquiles cale. . . 

6 

23*0 

• • 

20 02 69*8 

17*8 

37*1 

69*97 

— 02*76 

+ 0*47 

Rato with /3 Ophiu. next 
day. 

1883 











26 Nov. 

6 Oaprioorni N,A . 


39-0 

68*0 

20 09 17*0 



17*08 

+ 11*16 

-1*80 

Rato wltli Coti 11 days 












oftor. 

23 „ 

Ditto . . 

a* 

14-2 

32*6 

20 08 61*8 

11*0 

80*2 

61*94 

+ 10*00 

— 1*72 

Rato with i Orionis 7 days 












after. 

1839 

4 July 

9 CapTioorai cale. . 

0^ 

■ ■ 

39*0 

20 11 68*3 

17*4 

37*0 

68*23 

— 02*63 

+ 0*26 

Rato with j3 Ophiu. tioxt 
day. 

1838 











21 Oot. 

37 Oygni cak. . . 

y 

47-6 

11*6 

20 IG 36*8 


24*3 

36*84 

+ 09*97 

— 2*20 

Rato with a Oyg. 6 days 












nflor. 

1830 











• 

4 July 

1838 

Ditto 


39*4 

3*0 

20 18 27*6 

62*0 

16*0 

27*60 

— 01*68 

— 0*48 

Rato with y Boot, noxt 
day. 

1 Nov. 

60 Oygni If.A.. . 

a 

60*0 

22*0 

20 36 48*2 

14*4 

40*0 

48*24 

— 07*64 

— 2*20 

Glaring Ognro. Rato with 












y Cyg. 8 ibys hoforo. 

20 Oot. 

1 6, Oaprioorni ca?c. , 


66*3 

16*0 

20 36 36*0 

'67*2 

17*8 

86*68 

+ 03*78 

— 2*32 

Rato witli a® Oaprlo, 6 days 












liofui-o. 

1839 

4 July 

1838 

68 Oygni calc. . 

1 

67*8 

19*8 

20 89 42*0 

4*6 

26*6 

42*14 

— 01*70 

O 

1 

Rato with y Boot, noxt 
day. 

26 Oct. 

84 Oaprioorni calc. 

i 

60*8 

11*0 

21 17 31*2 

61*6 

11*8 

31*26 

+ 03*69 

— 2*00 

Rato with u® Cuprlo, 0 days 












hofuro. 

80 Sept. 

40 Oaprioorni calc, . 

7 

34*0 

63*6 

21 81 13*0 

82-6 

61*8 

12*98 

+ 08*04 

— 2*09 

Ruto by u® Oaprio. 3 days 

26 Oot. 

Ditto 










boforo. 


34*6 

64*0 

21 81 18*6 

33*0 

62*6 

13*62 

+ 03*92 

— 2*28 

Rate with a® Caprio. 0 days 
boforo. 

20 Oot. 

8 PegaeiiV. A. . 

f 

33*8 

66*6 

21 38 14*2 

33*0 

61*8 

14*26 

— 02*10 

— 2*19 

Rato with a Aqui. 6 days 












boforo. 

30 Sopt. 

24 Nov, 

49 Oaprioorni cale. 

Ditto 

3 

33*6 

62-7 

21 38 12*1 

31*6 

60*9 

12*14 

+ 03*23 

— 2*36 

Rato witli a® Caprio. 12 
days oftor. 


41*8 

1*2 

21 88 20*6 

40*0 

69*3 

20*58 

+ 12-80 

— 1-62 

Rate with a® Oaprio. 12 












days boforo. 

24 Nov. 

51 Oaprioorni cale. 


4*0 

23*2 

21 44 42*4 

1*6 

20*8 

42*38 

+ 12*81 

-1*48 

Rato with a® Oaprio. 12 












days before. 

80 Sept. 

84 Aquorii Jf. A. 

a 

67*0 

16*6 

21 67 84*0 

62*0 

11*2 

84*06 

+ 08*11 

— 2*37 

Rato with itself 12 days 

29 Oot. 











after. 

Ditto 


61*0 

9*7 

21 67 28*2 

40*7 

6*2 

28*16 

— 02*68 

— 2*24 

Rale with & Aqui. 6 days 












boforo. 

8 Sept. 

83 Aquarii cak. . 

L 

18*0 

27-0 

21 67 46*2 

6*6 

24*8 

46*82 

+ 01*86 

— 2*00 

Whito clouds. Rate with 

24 Nov. 

Ditto 


17*6 

86*6 

21 67 66*8 

16*1 

34*3 

66*88 

+ 12*16 

— 1*63 

ft' Sag. 7 days aftor. 

Rato with «® Oaprio. 12 












days beforo. 

8 Sept. 

67 Aquarii calc. , 

O' 

31*8 

60*8 

22 22 9*7 

28-6 

47*3 

9*62 

+ 01*91 

-2*08 

White clouds, Rato with 












ft' Sag. 7 days after. 
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MR. EPPS’s MERLDIONAIi OBSERVATIONS. 








DEDUCTIONS. 




Star’s name. 


AR. I Jon. 1860. 

Approx. I’.D. 

A 

Dally 

Stars comporod for 

Wt 

As. cor- 

Roinarks. 






Ast. S. C. 

Dot. D. 

dolly Azun. 


rectlon. 




li. 

LU. 

H. 

0 i 

H. 

a. 



B. 


(j2 Soffittoxii . . 

. r, 

11) 

63 

25*42 

118 07 

+ 0*12 

1*80 

^ Droo. and ft' Sagit, 

2 

+ 1*61 

Tried -voriouB doyiations. 

Ditto 





91 

— 0*10 

1*18 

a Lyreo and /3 Aqni. 

2 

+ 1*32 

Very irregular rosults. 









balonood 28tli. 




66 Aquilo) . . 

. e 

23 

03 

33-Cl) 

01 16 

— 0*16 

0 63 

a Cyg. and a' Oaprio. 

1 

— 0*60 

Obaorvod by Dr. Loo. 

0 Caj^iricuroi . 

. (t“ 

20 

01) 

43’60 

103 00 

— 0*17 

0*60 

a Cyg. and Fomolt. 

2 

+ 0*47 

Good sorios to<night. 

Ditto . 

. 





— 0*40 

0*31 

y Droc. and Fomolt. 

1 

+ 0*28 

An irregular night, but 












+ 10*70, moan orr. by , 

7 Gr. stare. 

U Uaprioorni 


20 

12 

34*64 

106 10 

+ 0*17 

0*03 

a Cyg. Olid a® Oaprio. 

1 

-0*00 

Observod by Dr. Loo. 

37 Oygnl . . . 

■ y 

20 

16 

60*26 

60 14 

4- 0*77 

1*30 

a Cyg. and a* Oaprio. 

0 

+ 0*37 

Tbo only unknown star. 

Ditto 



n 



+ 0*04 

0*63 

Ditto 

0 

— 0*17 

Obaorvod by Mr. Mann. 

60 Cygiii . . • 

. a 

20 

30 

18*01) 

46 16 

— 0*03 

1*36 

u Pots and a Oaprio. 

2 

— 0*23 

Disagreed witii Its noigb- 










hours. Level W, 0"*06. 

16 Oaprloorni . 

• 'P 

20 

37 

12*88 

116 48 

— 0*24 

1*26 

a Aqui. and moan. 

2 

+ 0*00 

Disagreed wltli { Caprio. 

63 Cygni . . . 

, t 

20 

40 

07*60 

60 30 

+ 0:04 

0*08 

a Cyg. and a Oaprio. 

0 

— 0*24 

Obsorvod by Dr, Loo, 

34 Caprioomi 

. ^ 

21 

18 

05*34 

113 03 

— 0*48 

1*26 

a Aqui. and moon. 

3 

+ 0*06 

Disagreed with ip Caprio, 

40 Oapricorni 

• V 

21 

31 

46*00 

107 20 

+ 0*14 

0*44 

a Oopb. and fi Aqua. 

1 

+ 0*44 

Unsteady night. 

Ditto 





99 

— 0*19 

1*26 

a Aqui. and moon. 

2 

+ 0*01 

Trustworthy obsorvations. 

8 Pogasi . . . 

1 

21 

30 

48*1)4 

80 60 

+ 0*09 

1*28 

(6 Oyg. and a Oaprio, 

2 

-0*80 

Good regular night. 

40 Caprioomi 

. S 

21 

38 

44*80 

100 48 

+ 0*33 

0*44 

It Oopb. and J3 Aqua. 

1 

-1*44 

Morid. poB somo as yos- 










torday. 

Ditto 






— 0*11 

0*12 

7 Oopb. and Fomol, 

2 

+ 0*24 

Position of objoot glaas 











reutidod. 

61 Caprioomi 

. ft 

21 

46 

06*02 

104 16 

+ 0*84 

0*12 

7 Oopb and Formal. 

1 

+ 0*11 

Level E.0"*60. Noapp. 
ooUim. 

34 Aquarli . . 

, a 

21 

68 

04*62 

01 02 

+ 0*14 

0*44 

It Oopb. and li Aqua. 

3 

+ 0*80 

Disagroos with its neigh- 










hours. 

Ditto 






— 0*84 

1*28 

a Oyg. and <t Oaprio, 

1 

— 1*02 

Not in oocordaneo with 











tbo reat to-night. 

33 Aquarli . . 

, i 

21 

68 

19*98 

104 86 

— 0*18 

1*00 

Mean and ft' Sagit. 

2 

+ 0*06 

Stars tremulous. 

Ditto 






— 0*29 

0*12 

7 Oopb. and Formal. 

0 

+ 0*12 

Position of instrument 











good. 

67 Aquoril . . 

. O’ 

22 

22 

42*88 

101 20 

+ 0-04 

1-00 

Mean and ft Sagit. 

2 

+ 0*02 

Lovel B. 0"*88. 
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SPECULUM HARTWELLIANUM, 


OBSEEVATIONS. 







Telescope wires. 















Mean 

Clock’s 

Koinurks. 









Transit. 


Daily 

rale. 





I. I 

II 

Centre. 

IV. 

V. 

Error. 


1838 

2i Nov. 



secs. 

secs. 

h. m. 8. 

secs. 

secs. 

8. 

s. 

S. 


42 Pegasi N.A. . 

■ ? 

0-2 

19-0 

22 33 38-0 

57-0 

16-0 

38*04 

+ 12*40 

— 1*62 

Uatd with 8 12 divyfl 

h('iim). 

3 Sept. 

73 Aquarii calc. . 

. X 

37-5 

56-3 

22 44 15-0 

33*8 

52-5 

16*02 

+ 2*11 

— 2*15 

Rato with <1 Scrp. 8 days 
hoforo. 

21 Nov. 

Ditto 


47-0 

5-8 

22 44 24-5 

43-3 

2-0 

24'62 

+ 11*92 

- 1*66 

Rato with (Japrift. 12 











dayH Ind’oro. 

25 Nov. 

Ditto 


46-0 

4-8 

i 

22 44 23*5 

1 

42-2 

1*0 

! 

23*60 

+ 10*98 

— 0*94 

V(>ry trotiuilmis. Rato with 
ilHulf provioUH day. 

24 Nov. 

54 Pegasi A. A. . 

. a 

19-0 

38'0 

22 56 57-0 

16-2 

35-5 

57*14 

+ 12*66 

— 1*84 

Rato with itHolf next day. 

25 „ 

Ditto 


17'3 

36-6 

22 56 55-8 

15-0 

34-2 

65*78 

+ 11*32 

— 1*08 

Oloai*. Rato witli -y Aipii. 
next thiy. 

3 Sept. 

90 Aquarii calc. 

. (p 

23-5 

42-2 

23 6 1-0 

19-8 

38-5 

1*00 

+ 1*67 

— 2*61 

Vovy tn’iiiulmiH. Rate with 
itHolf ite.xt day. 

29 Oct, 

Ditto 


19-0 

37-8 

23 5 56-5 

15-1 

33'9 

66*46 

-- 2*82 

— 2*87 

Rato with S Atjui, 3 daya 












hefort'. 

3 Sept. 

Piseium calc. . . 

■ X 

6 0 

24-5 

23 18 43-0 

1-5 

20-0 

43*00 

+ 1*94 

- 2*22 

Bad. A douhlt' atar. Hate 











with [i A<iui. !! daya 
hofiiro 


25 Nov. 

26 

..U 3) 

20 Piseium }) . 

. n 

136 

32 2 

23 39 60-8 

9-5 

28-0 

60*82 

+ 11*25 

— ()'86 

Very hazy. Rato with iuoll' 
no.xt day, 

Rato with a Atjua 3 daya 

Ditto 


12-6 

31‘4 

23 39 50*0 

8-6 

27-2 

49 96 

+ 10*40 

- 1*28 












af't(‘r 

29 Oct. 

29 Piseium calc. 

• 2 

55 '0 

13'6 

23 53 32'2 

60-8 

9-5 

32*22 

— 2*71 

— 2*40 

Rato with S Aijui. 3 dav« 

26 Nov. 











liofore. 

Ditto 


6-8 

25 5 

23 53 44-1 

2-8 

21-4 

44*12 

+ 9*40 

~ 0*94 

Rato with » Aqua. !t days 









1 



ai'tor 





A, Jupiter; B, Saturn; O.Nfptum' 
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DEDUCTIONS. j 

Stur'M tiiinu'. 


Alt. 1 .Tan. 

Approx. P.D. 

A 

Ast. S.C. 

Daily 
Azim. 
De\r. E. 

Star’s compared for 
daily A 2 im. 

Wt. 

Az. correc- 
rection. 

Remarks. 



ll. 111. H. 

O / 

8« 

s. 



s. 


-I'J Pc'ga*ii . . . 

• ? 

22 02 .OH-fiG 

79 57 

— 0-06 

0-12 

y Oepli. and Fomal. 

1 

+ 0-87 

Position of instrument 










good. 

A(i,iuirii . . 

. X 

22 .14 10-79 

98 23 

+ 0-13 

1-00 

Mean and fi Sagit. 

1 

+ 0-87 

White clouds. 

Ditto 




— 0*50 

0-12 

y Ceph. and Fomal. 

2 

+ 0-10 

Level and collimation 

Ditto 


1. 

„ 

— 0-24 

0-50 

a Cyg. and Fomal. 

0 

+ 0-44 

good. 

Meridional position con- 










tmues good. 

6‘1 PogtiHi . . . 

Ditto 

. a 

22 fi7 17-21 

75 3G 

+ 0-22 

0-12 

y Cepli. and Fomal. 

1 

+ 0-07 

Sky clouding over. 



19 

-- 0-04 

0-60 

a Cyg. and Fomal. 

3 

+ 0-32 

Position of object-glass 










rectified. 

SK) Aiiutirii . . 

. ^ 

20 0 32-85 

90 52 

— 0-14 

1-00 

Mean and ft Sagit. 

1 

+ 0-86 

Level E. -f 0"-88. 

Ditto 



JJ 

— 0-39 

1-28 

a Cyg. and a Capric. 

0 

— 1-10 

Returned to eye-piece 3. 

1’iiK‘itiim . . . 

• x' 

2.3 li) 13-01 

89 31 

+ 0-21 

1-00 

Mean and ft Sagit. 

0 

+ 0-78 

Uncertain sky. 

20 PiMt'imn . . 

. U 

2,3 10 13*30 

93 30 

+ 0-03 

0-50 

a Cyg. and Fomal. 

2 

+ 0-42 

By NA. 23, 39, 39-o6. 

Ditto 




+ 0-16 

0-31 

y Drac, and Fomal. 

2 

+ 0-25 

Thermometer in observa- 










tory 36°. 

2it IMHciuiu . , 

• '/ 

23 51 7-3!) 

93 52 

— 0-26 

1-28 

rt Cyg. and a Capric. 

1 

— 1-00 

Encke’s comet observed. 

1 )itto 



>} 

— 0-86 

0-31 

y Drac. and Fomal. 

2 

+ 0-25 

Clock vibrating 17-5 each 










side, in summer = 20-0. 






CHAPTER VI. 


DOUBLE STARS RE-MEASURED AT HARTWELL. 

“ He (Newton) took his ardent flight 
Through the blue infinite ; and every star, 

Which the clear concave of a winter’s night 
Pours on the eye, or aatronomic tube, 

Far stretching, snatches from the dark abyss ; 

Or such as fiirthex in successive skies 
To fiincy shine alone, at his approach 
Blaz’d into suns, the living centre each 
Of an harmonious system : all combin’d, 

And rul’d unerring by that single power, 

Which draws the stone projected to the ground.” 

Thomson. 

In my work upon Celestial Objects (vol. i. pp. 286— 30di), I have ^Hv(‘n a 
condensed view of the highly interesting department of Compound Stars, wliich 
work can be referred to by many : but as it will not bo accossibhi to all who 
may honour these pages, a prefatory word or two may bo considoriul lUioos- 
sary, towards their comprehending the glimpse which will bo aifordod oi‘ ihv, 
wondrous results of the Omnipotent Piat : — 

“ Then apeak thy humblest thanks ; that thus ’tis giv’n 
To thee (a worm, a mite, an atom I plac’d 
On this small Earthly Ball, to th’ universe 
Like dust of balance, or the bucket’s drop,) 

To read, to trace, to know His glorious works.” 


Our statement wiU be recoRected, that a dark and silent void space extends 
above, below, and aronnd our system, which has been successftdly piorced by the 
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force of genius and art : this, indeed, is one of the triumphs of Man’s intellect, 
loi the abyss is so inconceivably vast, as absolutely to stun contemplation, the 
distance to the nearest star (a Centcmri) being estimated at not less than 
twonty-onc milli on milli ons of miles. But the void which thus awfully sepa- 
rates us from the sidereal heavens is known to expand towards other bodies 
in such a ratio, that the remoteness of a Centawri is comparatively small; and 
imagination is confounded, even with the facts demonstrated. Among the assem- 
blage of the stars which deck the heavens, in numbers so vast as to be abso- 
lutely innumerable, many individuals appear as single objects to the naked eye, 
which are lound really to consist of two, or more, under some of the finest 
and most delicate forms of vision conceivable. Most of these, from their 
(mormouR distance, appear to be so dose to one another, that it requires tele- 
scopes of groat perfection to separate them. The practical astronomy of these 
ch'-gant objects originated in the unprecedented labours of the elder Herschel 
at Slough, and constituted one of his greatest bequests to science. When 
demanding, “What’s in a name?” the Swan of Avon assuredly was not 
dreaming of science, whoso advances are so greatly accelerated and secured 
by regular nomenclature and dassification. A worthy friend of mine, versed 
in the annals of astronomy, though he approves of my having given Ptolemy’s 
WXoOv, in as the earliest mention of double stars, insists that the 

name was not at all unknown in 1764, for the Pbre PeuiU^e had described 
a Qentaim as double in 1709. My assertion, however (Cycle, I. p. 286), is, that 
it did not obtain a place in Sir John Hill’s Astronormoal Dictiona/iry ; and 
in truth Peuilldc’s words are merely, “Je trouvai cette dtoile composde de 
deux, dont I’uno ost do la troisi^me grandeur, et 1’ autre de la quatribme 
La Oondamino was nearer the mark in 1749, when, in describing the same 
star, ho used the expression, “etiam duplex est.” Yet nearly in the middle 
of the seventeenth century, Hicoioli had found that under the telescope Mizar 
consisted of two stars in close justa-position ; and in 1664 Hook detected 
the duplicity of Mesartim (Cycle, II. p 44). But certaiiily the term, as 
expressing twin stars, had not widely obtained; and MicheU— a discerning 
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inquirer into the cosmical structure of the heavens — was the first who sug- 
gested, in 1767, that the proximity in such instances might be owing to a 
physical connexion existing between them (Cycle, I. pp. 289, 290). Still, 
general interest was not awakened, till the astronomer of Slough published 
his celebrated paper in the Philosophical Transactions for 1782. 

The mantle of MicheU. disappeared for a time : and when Herschel 
commenced the inquiry, the circumstance of a star being double was hastily 
accounted for, by supposing one star to be situated at an immense distance 
beyond the other. It was therefore presumed to be only optically double, or 
the two components so nearly in a line with our eye as scarcely to subtend 
a perceptible angle, yet without any real proximity between them. But 
owing to his sagacious perseverance, especially as regarded the observations of 
that beautiful double-star Castor, on an interval of twenty-five years (1778 to 
1803), the relative places of the components were ascertained to vary ; and 
the changes detected had no relation to the orbital position of the Earth. 
In the course of the scrutiny which he prosecuted, it was proved that in 
various cases the stars were physically binary, and that the companion must 
actually revolve about its primary. Thus the wonderful truth opened to view, 
that two suns, each self-luminous and probably with an attendant train of 
planets, were gyrating round their common centre of gravity imder the same 
dynamical laws which govern the solar system: that is, not precisely like 
our planets round one great luminary, but where each constituent with its 
accompanying orbs revolves around an intermediate point, or mystic centre. 
This is a great fact ; and an astronomical revelation which, in all probability, 
Newton himself never contemplated. 

These extensive celestial examinations brought Miohell into the field again ; 
and in the communication which appears in the Philosophical Transactions 
for 1784 j (Cycle I. page 290), he expresses his conviction that double and 
triple stars are so many systems liable to be affected by their mutual 
gravitation; and he considered it as not unlikely that the periods of the 
revolutions of some of these about their primaries might one day be dis- 
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covered. But in mentioning the perseverance of Herschel, and the sagacity 
of Michell, I must not forget the palrrhcm qui Tnermt ferat axiom : for the 
merit of having first given a method of determining, from observation, the 
foi*m of the orbit of a binary star, certainly belongs to M. Savary. It is 
true that Sir John Herschel, struck with the idea that gravitation must be 
the law of motion in those distant regions, recommended constant observation 
upon ^ TJrsao Majoris so far back as 1826 ; but Savary was the first who 
produced a regular set of elements for the same from calculation. These he 
published in 1830, shewing that the cornea moved in an eUipse precisely like 
the planets of our own system, though of a more varied excentricity. 

The field is peculiarly attractive to the amateur or extra-meridian astro- 
nomer, and was therefore invaded from my station at Bedford. Having thus 
become deeply interested in stellar physios, and therefore anxious to obtain 
repeated observations of various objects enrolled in my Cycle, it became desirable 
for me to repair to HartweU — whither my large equatoreal had been removed — 
as often as these came into apparition ; and it were ungrateful to omit adding, 
that the observatory was always most obligingly kept in readiness for my 
immediate and particular service. The measures and re-measures thus obtained 
with my former instruments are consequently all taken with the same eye, 
micromotors, and object-glass, and mostly with the same eye-piece power; 
and tho diurnal motion of the earth was eliminated by the same practice in 
tho uso of the iR-handle, or the equable movement of the equatoreal clock, 
as manipulated at Bedford. By these means, whatever optical or other bias 
might obtain, the results are assuredly comparable with each other, mter se, 
in evidence of angular movement and changes of distance, indicated by the 
operations of different nights and different years. 

Some of these re-examinations have already appeared in my Cycle, which 
was published in 1844; but it is proper to reprint them here, together with 
the latest Bedford measures and those since observed, so as to yield a colpo 
d’oochio of motion or fixity in the several lapsed times. They are arranged 
in the manner already explained in that work (Yol. I. pages 426—8) ; so that 

2 E 2 
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I need only remind the reader who may he unable to maJie reroronco to it, 
that the weights attached to the distances and to the angles of position — as 
the relative situation of two component stars in respect to the fixed circles 
of the sphere is termed -depend, according to the observer’s judgment, on the 
number and presumed goodness of the observations. Thus, while 1 indicat(\s 
an indifferent single measure, a careftd guess, or a mere estimation, 10 is 
used to express that the astrometer is entirely satisfied with all the con- 
ditions of the operation. The last is a weight but too rarely obtainable, and 
indeed beyond my registers ; still, from having full leisure and a free cboico 
of objects and opportunity, I was generally enabled to give the Hartwell 
measures high weights. These are principally useful in grouping the data 
for investigating the orbits of those which are binary. Before submitting the 
following fist of the double-stars thus re-observed, a few preliminary 
statements are necessary here, though somewhat iterative to those who 
possess my Oyde of Celestial Objects. 

Eespecting the magnitudes of stars, although they have bc(m attended 
to’ by Herschel, Dawes, Argelander, Pogson, and others, so much of tlu^ 
classification as yet is arbitrary and conventional, that I have little to add to 
my former statement (Cycle I. pages 2*71— 2). But I may repeat, it was 
on account of the besetting difficulties of the methods hitherto used for 
estimations of brightness, and feeling that the proposition which would satisfy 
every point had not yet been niade, that I adopted the size of the primary 
from Piazzi; and assuming that as a point of departure, the other stars in 
the field were relatively registered. This manner of proceeding cannot bo 
radically bad, because, on comparison with other standards, my given niagnitudos 
have been approved and accepted : thus my early correspondent Dawes, whost^ 
method is before the astrononucal public, in answer to some of my inejuirios 
on the subject, observes, under date 10th October, IBS'? : — 

“ I cannot find that I have ever ganged the magnitudes of iho small stars between the 
doubles of e Lyrse ; but the small star which follows and makes an obtuse angle witli them, 
I gauge of 9*5 mag. 
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“ It does not appear to me that there is much difference in the acuteness of your eye 
and mine ; and if this he correct, your minimum with 6*9 inches aperture = 11‘3 mag. of 
my scale. This converted into Herschel’s theoretical scale = 11*3 H- 11'3 — 6*0, = 22*6 6*0 

= 16*6 mag. which differs very little from what you have considered your minimum viaibile. 
The reduction therefore of your scale to mine (supposing your ratio to he the same as Herschcl s, 

viz. -I-) is easy, the formula heing simply D = ^ . 

“ On Scpteinher 20th, I looked at that pretty douhle-star. Cycle 845, and gauged the mag' 
nitudes; A = 8, B =: 10*3. In this cose, for B we have 10'3 x 2 — 6*0 = 20*6 — 6 = 14*6, as 
your theoretical magnitude deduced from my gauging. Your estimate is 16. Herschcl s 18 is 
out of the question. Struve’s is 10*8; which, treated in the same way as my own, gives 21*6 — 

6 = 15-6,— so that your estimation is nearly a mean between S’s and my gauge, when reduced 
to your scale. As to /SPegasi, A 2 and B 10*5 (gauged). Here again our agreement is perfect 
in the actual brightness of the small star; for 10*6 x 2 — 6 = 15, which is your estimation. 

“ I cannot find that I havn a gauge of the brighter small star about a minute and a half north 
preceding a Cassiopese. I perceive that you assign to it about 10*5. I will take an early 
opportunity of examining it, —though for accurate gauging, it is rather too near its bright 
neighbour, 

“ On the brighter small stars, namely, down to my 9th magnitude, I don’t think we differ 
much in our scale, or ratio of progression. E. ^.10 Anetis, 1 have gauged As6"5; B — 86i 
which are precisely your own numbers. So again in u Cassiopcoe, Cycle 97 , 1 have A = 5 ; B = 7 ; 
C = 9 : the two smaller being rated just the same by yourself. 

“ I will look over my manuscript catalogue, and make out a list of stars I have gauged, and 
which are also found in your Cyde: but with the exception of the well-hioim binaries^ we have 
not observed many of the same stars,— our object in observing having been veiy different in respect 
of the others.” 

Thus much for the relative brightness of the pairs and groups compounded 
in my operations, in the course of which I have followed nearly the same 
order; and, although I feel rather uncertain as to whether we are yet in 
the best possible wait of astrometry, I have little to add to my former remarks 
on telescopes and micrometers. But I must throw out a crumb of comfort 
to the wight who sighs for the possession of the giant instruments now so 
frequently met with, for I can, from my own knowledge, assure him of a 
harvest of excellent results by a diligent use of those of more moderate 
dimensions, well-figured and corrected. Such for instance is the 6-foot refractor 
above described; but he who possesses a tool of this size in a state of 
perfection, ought never to teaze it with the higher powers, except under 



214 


SPEOULTJM HARTWBLLIANTJM. 


obvious necessity ; for the greater the magnifier of eye-pieces, the greater the 
invasion of the illuminating power of the telescope,— the light being lessened in 
the inverse ratio of the squares of the powers. In many instances of gazing, 
however, the achromatic concave lens, described in the Cycle (Vol. I. 
pages 342 3), can be used with great benefit ; and indeed its advantages 
in certain cases of measuring were such, that I designated it the Macro- 
micrometer, under which name it appears in Dawes’s registers, and in Sir 
John Serschel s Cape Observations. Still, whatever powers of eye-pieces, 
negative or positive, are used, the ultimate results obtained by present means 
and methods are perhaps chargeable with an instrumental proportion of excess 
or defect, a personal equation, and a too sensible amount of probable error. 

Dbstina lentb is the appropriate motto for an amateur astronomer; 
for it is by hastening slowly that he vsdU accomplish valuable work — quality, 
not quantity, being the actual desideratum. With powerful instruments, a steady 
hand, and a practised eye, most celestial objects can be immediately attacked ; 
but there are crucial oases which do not admit of sudden assault, especially 
those in which there is an absolute necessity for the actual focus being positively 
found. Instead of being impatient under difficulties, as I have known a friend 
or two to be, the tyro cannot do better than resort to the advice of the elder 
Hersohel as to adjusting the telescope and preparing the eye for an accurate 
examination of the closer double-stars. Dor this purpose he recommends the 
observer to previously conform his instrument with the utmost delicacy on a 
star known to be single, of as nearly as possible the same altitude, magnitude, 
and colour, as the body proposed to be examined. He then continues 

“ As these are some of the finest, most minute, and most delicate objects of "vision 1 ever beheld, 

I shah be happy to hear that my observations have been verified by other persons; -which I make 
no doubt the curious in astronomy mU soon undertake. I should observe that, since it requires no 
common stretch of power and distinctness to see these double stars, it wiU not be much amiss to go 
gradi^y through a few preparatory steps of vision, such as the fohowing. When 97 Coronse 
Borealis (one of the most minute double stars) is proposed to be viewed, let the telescope be some 
time before directed to a Geminorum, or if not in view to either of the fohowing stars: 
f Aquarii, (i Draoonis, p Hercuhs, a Piscium, or the curious dowJZe-double star e Lyrse. These 
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should he kept in view a considerable time, that the eye may acquire the habit of seeing such 
objects well and distinctly. The observer may next proceed to ^ Ursce Majoris, and the beautiful 
treble star in the right fore-foot of Monoceros ; after these to t Bootis, which is a fine miniature of 
a Geminorum, to the star preceding a Orionis, and to n Orionia. By this time both the eye and 
the telescope will be prepared for a still finer picture, which is tj Coronac Borealis. It will be in 
vain to attempt this latter if all the former, at least t Bootis, cannot be distinctly perceived to be 
fairly separated, because it is ahnost as fine a miniature of l Bootis as that is of a Geminorum.” 

This advice is more seasonable to the astrometer than palatable to the 
astrogazer, who is ever insisting upon arbitrary shifting of objects — on the 
“ now-you-shall-see-what-you-shall-see ” scheme. The above-cited hints were 
originally intended to bear upon the reflecting telescope, yet they contain sensible 
rules for extreme teats with an achromatic refractor ; the which is obviously the 
more perfect, ready, handy, and durable instrument of the two. 

Regarding measures — they are taken up to the present time as weU as 
we can; and the wire-micrometer, rock-crystal prism, Hochon wedges, double 
image, and divided object-glass, have aU and severally been brought into the 
field; but I was not a little surprised at hearing a recommendation to the 
Astronomical Society for the restoration of the discarded method of guessmg 
distances between double stars by eye estimations of the apparent diameter of 
the brighter component — said diameter ever varying in proportion to the power 
used. Then again we have lately heard much twaddle about polymetric reticles, 
and the like, by some who make no difference between exquisite measures for 
physical inquiry and rapid gleanings for zonification. Reticulated diaphragms 
certainly are useful in mapping stars, and in differentiating them ; and, though 
they can barely be called micrometers, the simplicity of their contrivance 
renders them desirable objects for many of the borderers of the amateur districts. 
As the tyro should endeavour to make himself equally strong in mental and 
mechanical auxiliaries, my object here is merely to caution him not to crave 
after such humble means, nor overlook them entirely ; and should he wish to 
learn something about their manufacture he cannot do better than consult Dr. 
Pearson’s Practical Astronomy. "When he has got one which is furnished with 
a horizontal wire, or line of any description, let him catch an equatorial star, 
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and maike it rim along from one end to tlie otter ; wten it performs tliis as it 
ought to he performed, th.e otter component divisions of tte reticular system 
will consequently become all rigtt. 

And now for the re-measurement of certain selected stars, tto prefixed 
Roman numerals being their assigned number in the Bedford Catalogue, or 
second volume of the Cycle of Celestial Objects : — 

VIII. 38 PISCIUM. 

Position 235°*9 ( wS ) Distance 4'^-8 (w4) Epoch 1837*89 
237°*8 ( w 7 ) 4''-5 («4) 1845*91 

As the positions recorded in the Cycle, on a seven years’ interval, c^annoi 
be regarded as conclusive relative to the imputed retrograde orbital march of thi», 
components of 38 Piscium, I took the opportunity of a singularly lino state of 
atmosphere for catching another epoch, compounded of three nights. Prom 
the results obtained, a retrocessive motion is out of the question. Under all 
circumstances I am inclined to apply the relative term “ fixity ” to the places 
of this fine object — which are therefore merely optical, 

Nor is its proper motion in space so great as Mr. Taylor, of Madras, was 
led to suppose ; the most recent authority — the British Association Catalogue — 
giving it only, from Mr. Baily’s latest comparison : — 

hiM = + 0*0058. la N P D = - 0*11". 

XX. a CASSIOPE.ZE. 

Position 278°-4 («8) Distance 96"*9 (w3) Epoch 1831*86 
279°*7 (w9) 61"*5 (w6) 1851*92 

When I examined this "wide pair in 1831 I was satisfied with my per- 
formanoe as weighted; especially since H. and S., only ten years before, bad 
found that the comes would “ scarcely bear the slightest illumination a star 
which to me was so distinct that, but for the glare of its lucida, I might have 
rated at a ninth magnitude. Hence my request to Mr. Dawes, and his reply 
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(soe mte, p. 212). ThinkiiLg a bit of a mare’s nest bad been found, I observed, 
the difference of distance is so remarkable, that it must be imputed to instru- 
mental error,” meaning, of course, to impugn Sir WilHam Herschel’s 56"*17 of 
fifty years before; but it turned out instead to be a gross blunder of my own, 
only explicable on the supposition of countiag a wrong revolution, with the 
comb out of the field under the power used. It was not tfil 1861 that the 
mistake was poiated out by a friend, to relieve, he said, my " second edition 
from a typical error.” On a trying-back reference, however, it proved to 
bo no fault of the printer, but an unaccountable oversight in the register; 
indeed my second epoch clearly proved that Sir William had actually made 
a capital measure, since the alteration of distance is about what is due to the 
known proper motions of « itself (Cycle, II. page 12), in the course of 
three (j^uarters of a century. 

As to the variability ot the lucida, I cannot but assign the atmospheric 
effects of the moon’s age to the question ; for since the Cycle was printed my 
views have been considerably shaken on this head (see antef p. 107). 

It is curious that a former error, entirely typical, misled Struve as to this 
pair, and induced him to conclude it was a binary system with an elliptic 
orbit— the Catalogue of 1782 stating the angle to be 40° 68' (= 312° 68' of the 
present reading) in the north preceding quadrant, instead of 6° 26' n. p. Here 
arc the latest measured positions, by two zealous coUaborateurs : — 

Position 279°*48 Distance 61"-44 Epoch 1856-7 0.— Jacob. 

279°*39 62"-41 1859-55.— Fogson. 


XXI. 66 PISCIHM. 

Position 193°-7 (w6) Distance 5"-9 (w3) Epoch 1833-83 
194°-3( w 6) 7"-0( io 3) 1854-07 

I mentioned in the Cycle (II. p. 13), that the epochal interval of observa- 
tions of this beautiful object was too brief for founding conclusions upon ; and 
after a lapse of twenty years I again scrutinised it. Considering the infirmity 
of the best measures on such a pair, the new results give an inference of fixity ; 
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nor does the primary appear to be affected by proper motion. Equally at rest 
seem to be the magnitudes and finely contrasted colours of the componcmta ; 
A being noted as deep yellow, and B purplish blue. It must, however, bo 
recoUected that it is but little more than thirty years, ago when the duplicity 
of this star was detected by the elder Struve, at Dorpat. 

XXIX. ri OASSIOPE^. 

Position 92°'0(m5) Distance 9''-4 (w 6) Epoch 1836'81 

95'^-8(«.8) 9''*1(«>5) 184319 

8"-6(w5) 1846-73 

108°-3(i^>4) 7"-7(«4) 1864-17 

This very interesting binary system clearly exhibits an increasing orbital 
velocity, with a rapidly decreasing distance, indicative of an ellipse of considorabh*. 
ex-centricity. It has been watched by Mr. Eletcher with his smaller but vei*y 
excellent telescope ; and now, armed with mighty means, he will, it is hoped, 
foUow it up to a decided orbit— albeit he may not find its progress so rapid 
as his recent measures appear to shew. Eor instance : — 

Position 106°-63 Distance 8"-166 Epoch 1851‘45 
110°- 18 7"-863 1853-77 

Since I gave the proper motions of this star (Cycle, II. page 19) as severally 
deduced by Piazzi, Badly, and Argelander, the Bev. Bobort Main, comparing 
its place in the Greenwich Catalogue for 184i0 with that inserted in Bc^ssel’s 
admirable coUation of Bradley for the epoch 1755, by means of the constants 
of precession given by Professor Peters in his Nvmerm Qomtms Nutationis, 
8pG, finds that the resultant spacial movements are— 

M = + 0-1328. N. P. D. = + 0-49. . 

XXXII. 36 ANDBOMEDiE. 

Position 318°-6 (wS) Distance 1"-1 (ws) Epoch 1839-77 

322°-9(«9) P'-O (w4) 1843-12 

335°-8 (w 7) p'-3 (w 3) 1862-83 
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Though the measures of this golden pair of twin suns are difficult in opera- 
tion, they can be satisfactorily made. A direct angular variation of 20° in 
seventeen years under my own eye proves the inference in the Cycle (II. page 21) 
to be well founded, and leaves its binarity undoubted. The object is certainly 
widening as to distance; for, though the micrometer does not shew much, the 
vision keeps them pretty clear of contact ; and the same impression strikes 
two of my correspondents, Mr. Pletcher of Tarn-bank, and the Eev. T. W. 
Webb of Tretire, near Hereford. Mr. JPletcher’s most recent places are — 
Position 336°-38 Distance 1"*116 Epoch 1851 -93 

XXXV. 261 P. 0. PISOIUM. 

Position 301°*8 8) Distance 18'"*6 (« 6) Epoch 1838-03 

305°-1(m6) 18''-8(w4) 1852-81 

The surmise which I made in the Cycle (II. page 23) of the direct orbital 
motion of this star is abundantly confirmed : and it may safely bo entered as 
one which may be advantageously watched. I have therefore procured its 
entry on the agenda of two or three zealous astronomical friends. The distance 
seems to remain steady, for an increase in the decimal parts of a second in 
space cannot be deemed a very positive quantity in such a case as this. 

XXXVI. 26 CETl. 

Position 252°-6 (w 9) Distance 16''-4 (w 7) Epoch 1833-86 

252‘^'3 (« 7) 16"-8 (w 6) 1868-10 

Although I stated in the Cycle (II. page 23) that the connection between 
these components was merely optical, yet, as a quarter of a century had lapsed 
since my observations were made, and a friend had found reason to infer a 
retrograde motion in angle, on comparing my measures with those of 
Herschel and South, I again attacked them. Ab the circumstances — personal, 
atmospherical, and instrumental — were all favourable to the operations, the 
last epoch may prove a qmetm. 
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XLYII. ? PISOIUM. 

Position 63°-8 (w 9) Distance 23"‘4 (« 9) Epoch 1839‘05 

63°-3 (w a) 23"-l («» 7) 1846-89 

62°-9 (®8) 22"*8 («5j 1867-93 

By measures wMoli now extend over seventy-eiglit years this neat pair 
still remains without symptoms of orbital motion, and the distance appears 
unaltered. I have made out nothing as to the supposed variability of though 
as to magnitude it is a very bright sixth. Erom the researches of the B/Ov. 
B. Main (see v Oassiopese), it seems that both the cormtes of this object have 
a gi-milnr amount of proper motion in space, the value of A’s being — 

+ 0-0088 N. P. D. = + 0"‘01 

LI. 43, CETI. 

Position 332°-8 (m 9) Distance 1''*2 (w 4) Epoch 1834-84 
3440.6 l"-3 ( w 4 ) 1857-97 

In mentioning the slow direct angular movement of this star (Cycle, II. 
page 34i), I remarked, ‘‘but this requires verification,” especially as the closeness 
of the pair renders the measures difficult. But I think the angular motion 
in orbit is now clearly proved, though the distance, at present, cannot bo made 
much of. The observations of Mr. Dawes confirm this view, and I append 
the epoch which, from circumstance, he considered his best : — 

Position 331-88° Distance 1-026'' Epoch 1842-98 


LIX. 100 PISOIDM. 

Position 78°-9 (« 7) Distance 15"-9 (« 7) Epoch 1833-86 
79°-2(«.8) 15"-6(w6) 1852-77 

Having stated (Cycle, II. page 38) that by my observations compared with 
those of the two Herschels and Sir James South, there was presumptive 
evidence of an angular retrocession = 0°-120 per annum, but that we required 
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ulterior measures, I directed the telescope to this neat double-star, nineteen 
years after the conclusion was formed; and from the results then obtained 
the orbital fixity may he considered as established, nor does the distance seem 
to he diminishing in the ratio some astrometers have held it to do. The object 
IS an easy one to handle, but it is not often that such coincident measures 
appear as mine of 1862, and Mr. I'letcher’s, with instruments of different 
apertures, at nearly the same time : here are his places : — 

Position 79°-10 Distance 15''-580 Epoch 1852-66. 

LX. 123 P. I. PISOIUM. 

Position 19°-8(m7) Distance 1"'5(w3) Epoch 1832-86 

26°-9 0o 9) l"-4(w4) 1843-10 

26°-3(m 7) P'*5(tt4) 1853-91 

Though the above measures do not confirm the motion in this beautiful 
oliject (Cycle, II. page 39) which I alluded to on consideration of the data 
tlion before me, and making every allowance for the difficulties of so close a 
system, I have no doubt of its binarity. I therefore recommend that it be 
followed up and well watched by the diligent amateur; and I submit some 
cxccUont epochs by Mr. Dawes, which fall between my two first dates: 

Position 24°-00 Distance 1"-711 Epoch 1839-71 
24°-37 l'^-542 1840-84 

By repeated observation under a power keeping them fairly separated during 
a very fine interval, both the components appear to be a creamy-white tint. 

LXXII. 7 ARIETIS, 

Position 359° -8 (« 9) Distance 8"-8 (w 9) Epoch 1837-93 
358°-9 (w’j8) 8"-7 (to-B) 1849-12 

Those measures indicate no sensible change in this our oldest double-star, 
for the minute differences are more imputable to the infirmity of measuring 
than to movements. But there is an appreciable proper motion common to 
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both staars ; and the Rev. Robert Main, by the investigation mentioned under 
7) Oassiopeae, finds for the lucida this amount : — 

iR == + 0*0028 N. P. D. = + 0-11'' 

LXXXI. ^PISCITJM. 

Position 333°-4 (« 9) Distance 3"*8 (« 9) Epoch 1838*87 

331°*4 (« 8) 3"*5 (w 7) 1846*92 

329°*5 iy> 8 ) 3'^*6 (w 6) 1852*03 

In its earlier stages, that is from 1779 to 1821, this splendid pair presented 

some strange anomalies ; but all the later observations combine in shewing 

a positive retrocession, amply sufficient to testify its binary character, however 

short they may yet be in affording data to determine the elements of its orbit. 

My friend Captain Jacob seems to have been much disquieted about the 

apparent vagaries, yet his own observations in India must tend to bring him 

to this conclusion, although he thinks the discrepancies only explicable by 

perturbations — “the perturbing body may either affect our system, in which 

case the motions will be of a parallactic character, or it may act upon th(^ 

star itself.” Since my last measures the following have been handed to me : — 

Position 329°*48 Distance 3"*218 Epoch 1853 * 94 . — Fletcher, 

328°*10 3"*42 1863 * 99 .— 

326°'82 3"*19 1858 * 05 . — Jacob. 


LXXXII. y ANDROMEDA. 


Position A B 62°*9 (w 9) Distance 10'^*6 (w 9) 

A B 61°*6 (w 9) 11"*0 {w 9) 

B C 120°*0(wi) 0"*5(wi) 

A B 62°*6 9) 10"*1 (w 9) 

B C 116°*0 (ifli) (/'•5 (wi) 


Epoch 1837*80 



1843*33 


1852*99 


This splendid and high-coloured pair stfil retains its fixity, but I added 
another epoch merely to try 0 again, though I was conscious of the wealmess 
of my means for such a purpose; and, notwithstanding I have so liberally 
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placed it as O'' *6 apart, it is on a slight guess, for it really appeared to be eyen 
closer, and more baffling than when before described (Cycle, II. page 61), Nor 
is the angle much better than an estimation, the wb*o having been set to 
Mr. Dawes’s 113° for a trial Hue ; and my wish was rather to find it under 
than over that fiducial zero. But, though I could not thus accommodate it, 
I thiuk there can be little doubt of its actually being a beautiful binary system, 
as stated by the Bev. W. B. Dawes, on the following specific grounds : — 

1842'72 Position = 126° 36'. — Struve. 

1842- 83 = 125° 48'.— Dawes. 

1843- 33 = 120° Smyth. 

1846-81 = 113° 19'.— Dawes. 

Having aUuded to the slight proper motion which afiects 7, I may here 
add that the careful investigations of the Bev. Bobort Main have brought it to — 

iR = + 0-0018 N. P. D. = 4 . 0"-06 

In March 1867, I received a letter from Sir W. K. Murray, of Ochtertyre, 
g touching the performance of his largo telescope, in which ho says, “Cloudy 
unfavourable weather has prevented any observation of the stars you named — 
on one night only, about a month ago, I enjoyed a fine atmosphere, and had 
an excellent observation of 7® Andromodse, which was beautifully separated, 
and the contrast of colours (B yellow, C blue) most distinctly seen. I used 
a positive eye-piece (720) on this occasion.” And for Sir WLUiam’s further 
remarks on tliis celestial beauty, with bis practical suggestion, that B appears 
green under lower powers, is owing to the blending of the blue and yellow 
tints of the components B and C. (See ante, p. 73.) 

LXXXIX. i TBIANGDLI. 

Position 78°-8 (w 9) Distance 3''-5 (© 6) Epoch 1838-99 
78°-6 (« 9 ) 3"-5 (w 7 ) 1867-95 

The orbital change suspected in this beautiful object — an idea shaken by 
my former measures — may now be held as destroyed ; and in thereby estabUshing 
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fixity, it affords another proof, in conjunction with y Andromedro and a Ilcrciihs, 
that highly-coloured stars are not necessarily in rapid motion. Yot this was 
a dogma which had its adherents a short time ago ; and it is colouvahh'. 


OXI. 7 OBTI. 

Position 288°-8 (« 7) Distance 2"-8 (w 4) Epoch 1838*92 

285°‘7 (« 0) 2"-6 B) 1843*16 

289°*1 (m 7) 2"*9 (w6) 185fl*()9 

In the Cycle of Celestial Objects (II. page 68), I expressed myseU* M:itisfi(‘(l 

on comparing my results witb. those of Sti'uve, Herschel, and Daw (\s— that 

the fixity of this pretty object was established, despite of certain auoinali(\H, 
Yet, from the communication of a zealous correspondent in 1854— aliu'ady 
alluded to under 26 Ceti— I was induced to return to the charge, and obl aiiuul 
such satisfactory results, that my Mend took nothing by his motion. 

CXXII. 220 P. II. PEIISEI. 

Position 84°*9(w8) Distance 12"*4(w6) Epoch 183/>*10 

85°*6(®9) 12"*5(w7) 1H43*JH 

This very neat object was remeasured at Hartwell, not undo* any (loul»t 
of its fixity (Cyde, II. page 74), but to render aid to a bogimuu*. was 

the first star in which I tested Piazzi’s observations, and by con vending his 
difference of right ascension and declination into angle of position and disttincH',, 
to obtain a result for the year 1800, which could be registered in oompiiring 
the epochs of double-stars. The Cycle [yassim) gives several uneepii vocal 
specimens of the great accuracy of the Palermo Catalogue. 

CXXIII. € AEIETIS. 

Position 196°*7 (w 4) Distance 0''*8 (« i) Epoch 1839*25 

199°*6(«7) 0"*9(w2) 1843*18 

200°*1 6) l"-0 (w 2) 1853*08 
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The assertion which I made in the Cycle (II. page 76) of a change both 
m angle and distance is confirmed; and my notion-there expressed— of the 
semblance of its orbit, becomes somewhat countenanced. I hope it will meet 
with zealous attention among the astrometrio corps, for it promises weU, being 
no longer m cmlaetu, and therefore within reach of moderate means. 

OXXX. t‘ BEIDANI. 

Position AB 240°*8 (» i) Distance 150''-0 (w i) Epoch 1836-90 

Tho measure of this distant star is repeated, because Oaptain Jacob per- 
ceived a close companion to it at Madras. As he rates the magnitude at 10-7, 
I could hardly have overlooked it, although its place is very unfavourable in 
this latitude ; and, indeed, he remarks that it “ would seem to have lately 
emerged. When I heard of this advent it was too late for me to gamine 
it, but this is the mean of the Captain’s results: — 

Position 287°-04 Distance 5"*47 Epoch 1857-965 
Oaptaiii Jacob had previously detected a close comes to another star of the 
Cycle (see Scorpii, post) at Poonah. The two Struves have worked wonders 
in this lino ; and both Dawes and myself have picked up some minute, but 
not unimportant, specks of light, with our moderate instruments. Tet Mr. 
Alvan Clark’s gleaning Struve’s field and there making a discovery of the 
duplicity of the companion to the oft-examined and measured jt* Herculis, with 
a telescope of only 7|: inches aperture, of his own making, speaks highly for 
both eye and instrument: and divers other proofs of his prowess will be 
found in the Monthly Notices of the Eoyal Astronomical Society. But there 
is no end of the findings of such an ardent gazer as this American is : he 
called upon me recently from Haddenham, where he was on a visit to the 
Eov. W. E. Dawes, and had there picked up three new delicate double-stars, 
all in parts of the heavens which have been regularly and unweariedly hunted 
over, both with the Dorpat and Pulkowa telescopes, and missed. Of these 99 
Herculis is a fine object, and one of promise. 
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oxxxrv. 98 P. III. EBIDANI. 

Position 231°'8 (w 9) Distance 6"-9 (® 6) Epoch 1834-93 
235°-9 (10 7) 6"-0 [V) 4) 1845-81 

Prom the discrepancies noted in the Cycle (11. page 82), another opocli 
of this dehcate ohjeot was taken ; and the results — strengthened hy thoso ol 
Captain Jacob in India soon afterwards— indicate a direct angular movomont. 
It was my intention to have saluted it for further conviction in the apparition 
of 1858, but other pairs occupied me till it had gone into the sun. 


CXXXVI. 40 PERSEI. 

Position 238°-2 (« 6) Distance 20"-6 (w 2) Epoch 1834-92 
237°-8 (w7) 2(y'-l (w4) 1852-12 

As both the identity and early estimations of tliis dchcatti double-star 
have been rather confusedly treated, I took another epoch to loaru what it 
had done in the eighteen years which had lapsed since my measures at Btulford 
— especially as more than one of my working correspondents soomed to sUglit 
it rather unduly. The result, I think, completely establishes its Ibdty ; nor 
can I find that it has any sensible amount of proper motion. 


CXLIII. 30 TAIFEI. 

Position 58°-5(w8) Distance 9''-0(w6) Epocii 1839*90 
59°-2 (w 9) 8^^-6 (w 6) 1858-10 

As Sir John Herschel stated that “ no conclusion could bo drawn respecting 
the motion or rest of this star,” it became desirable to give tlio question a 
G<yup de grace, although I was satisfied as to its relative fixity nearly twenty 
years before. It is a very neat and delicate object ; but I should certainly, 

t 

on strict comparison at the last epoch, have registered B of the 9th magnitudes. 



OBJECTS KiE-EXAMrNBD. 


227 


The colours did not seem to be so decidedly strong as they were eighteen 
years before, for I should have entered them A greenish, B lilac.* 

OXLYII. 32 EBIDANI. 

Position 346°-8 (w9) Distance 6"-8 («9) Epoch 1838-09 

346°-5 (m 8) g/'-S (^7) 1843-16 

347°-0 (w6) gz/.g („5) 1850-30 

The fixity of this fine pair must now be accepted as established, and it 
affords another example of highly-tinted stars at rest, as noted under 7 Andro- 
modae. I was very weU convinced of this iu 1843 ; but, as the object is one 
of those cited in Sestini’s list of coloured stars, I examined it with a darkened 
field at the last epoch, before making a measurement, under a power of 240, 
the usual eye-piece for chromatic experiments. The result was that I found 
for A bright yoUow, and for B flushed blue— certainly not white. 

CLXV. 80 TAURI. 

Position 13°- 9 («C) Distance l"-6 (w S) Epoch 1832-16 
16°-2(w 8) l"‘8(w4) 184311 

This difficult though fine double-star exhibits much discordance iu the 
various measures that have appeared ; and, though the results appear to justify 
my expressed opinion as to an orbital movement (Cycle II. page 101), yet such 
are the twirlings and irradiations attending the operation of the micrometer 
imdor illumination, that I cannot consider as yet the fact is proven At present 
there is the semblance of an increase in the angular velocity, but without 


The star boforc this in the Cycle, Alcyone, has drawn much attention of late, from M. MSdler’s having 
established it as the centre around which all the visible stars revolve, (See OTife, page 41.) In my description of 
it, I submitted a corrected version of the fine allusion to certain stars in Job ; but, this not proving to be conclusively 
satisfactory, J applied to my learned friend S. M. Drach, F.II A.S., for a literal translation ; the following is the 
reading which he renders : — 

Canst thou bind the delightful dainties of Cheemah P 
Or the contractions of Ch’seel canst thou open ? 

Canst thou draw forth Mozzaroth in his season P 
Or Ayeesh and her sons canst thou guide P 
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the dhnmution of dietaace which such a binaxy would require; and Oaptam 
Jacob’s reoeut measures at Madras carry away the corner m the opposite 
directiou; but he thiuks the movements are probably paiallatio, or that thoy 
may arise from perturbation. Here, however, are his last results 
Position 7°-73 Distance Epoch 1868‘13 

All tMs will be dear enough, a few years hence. 

OLXVII. 68 PEESEI. 

Position B C 30°-3 (« 5) Distance 11-6 (w 6) Epoch 1838*21 
29°*8 («»7) 11-8 (w 6) -1843*18 

This star, as shevm in the Cycle, is assumed as pointer to the protty pair 
B and C; the components of which, though small, admit of tolerably isasy 
measurement, whence there has resulted a great accordance both in angle ol 
position and distance. Indeed, except for Sir William Hcrschol’s epoch of 
1782’69, the fixity of the pair might be considered as fully established. 

OLXX. 2 OAMELOPAEDI. 

Position 308°-7 («• 3) Distance P'*7 cw 3) Epoch 1836*28 
307°*2 («6) P'*5 («4) 1847*21 

This charming but difficult double star can hardly be considered to widen 
its distance, for the measures at Hartwell in 1847 were taken under the most 
favouring circumstances; but still, under aU the liabilities of such an object, my 
observations cannot be reckoned conclusive. A small amount of proper motion 
iu A has been detected by the careful scrutiny of the Eev. Bobort Main, tlius : 

M = -[- 08*002 N. P. D. = + 0"*11 

OLXXXYIII, UAUEIGiE. 

Position AB 224°*5 («8) Distance 13''*5(»o) Epoch 1832*81 
225°*8 (®8) 14''*6 (w5) 1863*11 

In the Cycle (II. page 115) I mentioned the suspicion of an orbital change 
which a comparison of the preceding observations gave rise to, and that my 
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mtorval of ten years did not oonarm it. Sixteen years after the measures on 
which I had grounded my opinion I again attacked it; and the result, I fhinV 
is suiTicicnt to settl© tlie (juGstion as to movemeiLt. 

In tho Cycle there is a slight typographical error in the distance of C in 
this triplo star, which is noticed among the errata, namely, instead of 16"'l, 
it should have been 1B"'0, as the trifling sum of weight would 

OLXXSIX. * LEPOEIS. 

Position 359°'5 (?<» 3) Distance 3"-7 (w 2) Epoch 1835-02 

357°-9(wC) 2^^-8(w8) 1851-20 

Having boon, led to attack « afresh., although I had pronounced upon its 
Ikity, I was surprised to find symptoms, though rather slight ones, of angular 
retrocession; with a diminution in the distance. It was therefore placed 
among some objects which I requested Lord Wrottesley to re-examine for me, 
for the sake of independent comparison. His Lordship’s results effectually 
dissipated all tho symptoms of motion in this fine pair, they. being:— 

Position 359°-59' Distance 3"-250 Epoch 1857-906 
0X0. /3 OEIONIS. 

Position 199'’-4 (« 9) Distance 9"-5 fw o) Epoch 1832-07 

199°-6(w8) 9"-6Cw6) 1850*15 

Though there could be no reasonable doubt as to the fixity of this weU- 
obsorvod object, it was re-measured by way of training the eye for encountering 
disparity, both in magnitude and brOliance, for which this fine star and a 
Lyric are so admirably adapted. But it is not a little singular that a pair 
presenting seeming difficulties should, from 1781 to 1860, keep such accordant 
places, though examined under a variety of different instruments (Cycle, II. 
page lie). The proper motion assigned to the lucida by Piazzi, is confirmed 
by tho recent critical investigation of Mr. Mam, whose values are : — 

^ - OB-OOl N. P. D. = + 0"-02 
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COV. 118 TAURI. 

Position 195°-9 (io o) Distance 5"-0 (w o) Epoch 1838-91 

19'7°-4 (w 7) 5"‘6 (v 6) 1858-10 

The fixity alluded to in the Cycle (II. page 124), under all inohable 

errors of Instrument and lapsed time, must he considered as confirmed by the 

last epoch. The difference of nearly ‘5° in angle since Sir W. Herschel first 
measured it may be a consequence of paraUactic action; but it is dear that 
the distance has remained steady throughout the seventy-fi.ve years dui’ing 
which it has been under scrutiny, — varying only from Struve s 4''‘89 to Hcrschol 
and South’s 6"-66, as shewn in their respective catalogues. 

COVIII. 13 LEPOMS. 

Position 67°-5(«i) Distance 210^^-0(wij Epoch 1832-00 
This star is not introduced here on account of its distant companion, but 
because A. is reported to be dose double, the components being rated oi 4 
and 42 magnitudes. I have hitherto been unable to prove this, although I have 
attempted it several times, with powers varying from 240 to 850 ; and par- 
ticularly on the fine night of Eebruary 4th, 1858, when the glimpse stars in 
the following field were perfectly distinct. It may be “ coming out,” and should 
be carefully watched by those who possess sufficient means. 

COXY. X OEIONIS. 

Position 42°-5 («8) Distance 4'^-6 (®8) Epoch 1833-17 

43°-0 (w9) 4:"’5 (w9) 1843-19 

4l°-9(w6) 4"-8(w4) 1867-11 

It will be seen by the weights of the middle of these epochs that I was 
satisfied of the fixity of this object; but, as a fair opportunity fell in my way 
of ratif^g the conjecture, after a considerable lapse of time, I re-measured 
the neat double star. The early measures (Oyde, II. page 129) gave an in- 
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feronco of angular retrocession, — ^but on considering all the causes— instrumental 
and personal— for slight disoordanoes, I am inclined to repeat my conriotion 
that this pretty pair is without any appreciable motion as yet. On the last 
occasion the Md was darkened after the measures were taken, to observe the 
colours, when, by two pair of eyes, A was pronounced creamy white, and B pale 
purple: M. Dombowski states A yellow, B blue, in V&&6-o(mlem-a aOres. 

COXX. 26 AUEIGjB. 

Position 267°‘8(io9) Distance 12"*3(w9) Epoch 1833-09 

267°-3(tt7) 1P'*8(«7) 1848-10 

268°-4(«»7) 12"-1 (tt»6) 1853-98 

The retrograde motion hinted at in the Cycle (II. page 136), assuredly 
must 1)0 given over, since all the late measures combine against its existence : 
and to make assurance doubly sure, I requested Lord Wrottesley to measure 
tile pair at a still more recent period. And these are the results which^ — 
v;nth Ilia wonted alacrity— he kindly handed to me:— 

Position 268°-5 Distance 12-"014 Epoch 1858-228 

A is suspected of variability, and at my last gazing at it in 1867 was more 
like by comparison with its neighbour, than the fifth magnitude : the 
observation was, however, inconclusive. The slight proper motion formerly 
assigned to it, is disappearing under renewed meridional operations. 

OOXXIII. ^OEIONIS. 

Position AB 148°-8 (w o) Distance 2"'5 (w9) Epoch 1839-19 
149°-4(«7 9) 2'^-5(w8) 1846-16 

I am perfectly 8atisfi.ed of the fixity of this fine pair, and that Sir William 
lloraohel, from some unknown cause, must have missed B (see Cycle II. 
page 137) ; which was afterwards discovered by M. Kunowski. Eive years 
after my ro-examination of it, Mr. Eletoher of Tarn Bank found it in — 
Position 149-68 Distance 2-672 Epoch 1 851-11 
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and by his appreciation, both the components are yellow. Struve, perplexed 
with the hue of B, dubbs it olwaceamhrulicmda. The researches of the Bev. 
E. Main (see 13 Oassiopaea) find proper motions for A, to these values— 

^ = — 08*002 N.P.D. = + 0"*03 

COXLV. 8 MOXOOEBOTIS. 

Position 23°-8 (108) Distance 12"-9 (w8) Epoch 1834*19 
2/)°'0 (w8) — ■ 13'H (wB) 1853*15 

By these positions, with an interval of nineteen years, the presumption of 
a retrograde movement in angle must be dismissed (Cycle, II. page 149) ; and 
its fixity is pretty apparent. Notwithstanding Sestini has entered this lino 
pair as A pale yellow, and B yellowish, they certainly were thought at the last 
epoch, under powers of 240 and 416, to be nearly as described in the Cycle, 
namely, A golden yeUow, and B hushed blue, or lilac; the object being in 
better definition than when the tints were reviewed in 1860. 

CCL. 11 MONOCEBOTIS. 

Position AB 130°*3 Distance 7"*2 c«6) j 
AO 121° 6 (« 8) 9''*6 8) I Epoch 1834*02 

BC 102'?*3 (w 7) (® 0 ) 

AB 131° 6 (ttT) 7'H («6) •'j 

AC 123°*8 (wO) 10" *0 (w4) V 1847*13 

BC 102°*5 (m 8) 2"*6 (w 3 ) J 

In the Cycle (II. page 162), following Sir William Herschel, 1 designated 
this very beautiful object a “fine triple star;” but it certainly ought to have 
been registered quadruple ; as it appears, on the same quoted page, that it was 
so called by his son and Sir James South, on their re-examination of it. 

The compressed cluster to the north, in the same constellation, No, 
OCLI, of the Cycle, is entered erroneously on page 162, as being in Ai 6*^ 22® 468 ; 
but it should have been 6^‘ 22® 26®, as noted in the list of Errata; from 
which, it is hoped, practical men amend their catalogues by a coup de plume 
over the detected errors, or vexation' may follow. 
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COLYII. 12 LYNCIS. 

Position AB 149°-5 (w9) Distance 1"-6 (^ 9 ) 1839-27 

AO 305°-6 («- 9) 8"-9 (« 9 ) 3 

AB 143°-7 («. 7) r-5 («* 7) 7 ^g^g.gg 

AC 306°-3 (« 6) 9"-0 (ii> 6) > 

My last measures of this neat triple star certainly bear out my surmise 
(Cycle, II. page 166), respecting the probable effect of the retrogradation of 
A and B, as regards their position with 0, their relative position having 
changed upwards of 32° m 72 years. When the last measures were secured, 
the held of view was darkened for a re-examination of the colours, when it 
was decided — by four eyes — that A is of a bright white, B a slightly flushed 
white, and 0 a pale blue : in fact, all but the same as they appeared in 1839. 

COLXVIII. 38GEMINOIIUM 

Position 170°' 7 (w 9) Distance 5"-8 (w 7) Epoch 1839'17 

169°'G(»8) 6"*0(«.S) 1848-22 

170°'2(®8) 6"-6(w6) 1849-19 

The amount of annual retrograde motion given in the Oyde (II, page 
1(j6), has not been proved by my later measures ; still, on a consideration of 
all the measures I have there cited, we can entertain no doubt of a slow dimi- 
nution of angle in 70 years. The colours were re-examined as a test because 
Mr. Dawes, under most favourable circumstances, made A yellow and B blue. 
On returning to the charge, I find for A pale yellow, and for B purple, as in 
1836. Mr. Eletcher also considers A to be yellow, and B purple; and here 
is the result of his latest set of micrometrical observations — 

Position 168°-87 Distance 6"-251 Epoch 1861-89 

This fine object may be properly placed on the agenda of the Observatory, 
as shewing very fair claims — in a retrogade motion of orbit with a probable 
decrease of distance — to binarity. 
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COLXXI. CANIS MAJORIS. 

Position 342°-9 (m8) Distance 3"-5 («5) Epoch 1834-15 
338°-8 Oo 6) 3"-0 (« 4) 1850-79 

This is a very jOne object, but one the measures of which are rather 

anomalous; for though, on the whole, there seems reason to think there 

are symptoms of orbital retrogradation, a consideration of the infirmities of 

operating on such a pair will leave the question in doubt. However, it is to 

be hoped that it will be well watched, and a few years will disclose much. 

Mr. Fletcher obtained an epoch since my last, to the following effect — 

Position 338°-02 Distance 2"*947 Epoch 1852-60 

OCLXXIII. e OANIS MAJOEIS. 

Position 84°-5 (wS) Distance ^11= 248-1 («2) Epoch 1834*83 
When I marked this distant companion for e, and at other times, the 
star was so low, and so beset with variable refractions and the abominations 
of a neighbouring brickfield, that, as I said (Cycle II. page 167), I could not 
see the nearer comes. At the Cape of Good Hope, however, matters were 
different, e was at a respectable altitude, and my indefatigable friend Mr. 
Maclear saw this little fellow as a sharp point ; the lucida and it being related 
in magnitude, as Eigel and his companion. By a mean of measurements 
which he obtained with some difficulty, the places were 

Position 160° 25' Distance 7"*48 Epoch 1850*105 

COLXXIV. 301 P. YI. LTNOIS. 

Position 158°' 9 (w 8) Distance 3"*2 (» 6) Epoch 1833*21 
159°-4 (w9) 3"-0 ( y > 9 ) 1843*19 

All the discordances which yet appear in the various measures of this neat 
and delicate double-star, may be assignable to other causes than motion ; for on 
the whole, making certain due though arbitrary allowance, the distance appears 
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constant, and the angle of position pretty nearly so. StiJl it bears so little 
the aspect of an optical object, that it may be recommended for watching. 

OOLXXXIII. 8 GEMINORUM. 

Position 196-8 (w9) Distance 7"-2 (»«) Erocu 1838-92 
199-8 (^8) 7"-5 (w4) 1847-33 

Since the remarks on this delicate donhle-star were written (Cycle, II. page 
I'yS), a direct orbital movement is established, perhaps to the amount of 0°*18 
per annum; for, on the whole, my measures indicate a slight chaaigo in the 
angle of position. Under all circumstances, however, more measures, at longer 
intervals, will be necessary to confirm any notion of physical motion. Mr, 
Eletcher, who also thinks 8 may prove to be a revolver, has established an 
epoch, since mine was taken, with those values: 

Position 200°-67 Distance 7"*321 Erocn 1861-07 


OOXOII. a GEMINOBUM. 

Position AB 254°‘9 (« 7) Distance 4"-8 (w 4) i 1838-33 

AC162°-2(w7) 72"-4(w6)j 

AB 252°'3 (w 0) 4"-9 (wO) J 1843-13 

AC 162°'6 (« 7) 73"-0 {w S ) i 

AB 250°-4 (w7) 4"’7 (w4) 1846-82 

AB 248°-l («. 9) 4"-9(«6) 1849-17 

This neat double star — in some respects the finest in our northern hemi- 
sphere — is highly interesting as a binary system (Cycle, II. pages 17 *7 -9). 
After I had obtained the measures in 1845, Mr. Hind forwarded me his orbit 
for Castor, which, on examination, I found to differ from those alluded to 
in my description ; and that, instead of an amms magrms of 240 years which my 
card-board sectors gave, its period by Hind’s Elements is no less than 632 years, 
and he has since been nearly corroborated by Captain Jacob. “ I have 
recently calculated the elements of Castor and 8 Ooronse,” said he to me under 
date of 10th November 1846, “ by Sir John Herschel’s method, with his 

2 H 2 * 
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late improvementSj for wMoh. I am indebted to Ms kindness. You will tio 
doubt be surprised at tbe amazing difference between former orbits of Gaslor 
aud my own; but tbe observations wMob bave been made since 1835 g'ivo 
quite another form to tbe ellipse. I only eonsider my elements at tbe most 
a fair approximation. A very few years more must enlighten us considerably.*’ 
Still there remained tbe objection wMcb I started, respecting the motions 
as to angle and distance not being in unison with theory: some observations, 
however, made after mine were printed, may, I tMnk, convince us that th(i 
distance is so on the increase as to countenance the diminution in angle, ffroni 
Mr. Isaac Pletcher, of Tam Bank, we have : — 

Position AB 247°-97 Distance 6"*075 ^ gpoon 1852*12 

AC 163°*13 72°*144 f 

AB 245°*66 5°-309 1857*28 

In addition to the physical connexional changes, the proper motions in spjiC!!*, 
must be considered, for by the Rev. Mr. Main’s process, mentioned undc^r 
T) Oassiopsea (mtei page 218), the values are found to amount to 

Al = — 08*013 N.P.D. = + 0"*08 


COXOYIII. a OANIS MINORIS. 

Position 85°-0 (w i) Distance 145"*0 (w i) Epoch 1833*81 
As Procyon had been one of Piazzi’s principal parallax stars (Cycle, I! I. 
page 183), I gave it as a companion the nearest distinct star in the field, in caHe 
it should be again in requisition for that purpose; and it was then shiumg 
in mid-distance between the lucida and an 84- magnitude yellow star in tlio 
foUowing field about 64 minutes off. In this position it was soon both hy 
Mr. I. Pletcher in Cumberland, and the Rev. T. W. Webb in Ilorofordshiro, 
even after it had been declared » missing ” in America. (See the Astronomical 
Monthly hTotices, vol. xiii.) There is something strange and unaccountablo in 
the matter: at first I thought the absentee might be a planetoid, but its 
having been seen for several years forbids the assumption, wliile similar 
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(lilIiciiltiGs attend the idea of variability. At present, all I can do in the mystery 
IS to place the fact on record, and leave time to unravel it ; in aid of which I 
add an extract of Mr. IFletcher’s letter to the Hoyal Astronomical Society, 
dated May Bth, 18B3 (see Monthly Notices, vol. xiii. page 222). 

In 1848, Mr. Bond, of the Cambridge U.S. Observatory, announced that the small star was 
“ missing.” In 1850 I saw and measured the position of the companion with ease, and estimated 
it as of tire ninth magnitude. My measures gave this result: — 

1850-17 Position 84° 19' 

During the spring of this year I have looked most carefully for this small star with my 6-foot 
iichroniatic, but 1 have never obtained a trace of its existence. 

At the beginning of last year, the weather being singularly favourable, I 
instituted a search for the absentee’s re-appearance; but, though I teazed the 
spot under powers 340 to 8B0, 1 returned re infeetd. Still, being much struck 
with evanescent glimpses of light near the place, which I could not make 
positive, I requested Mr. Dawes to apply his eight-inch object-glass upon it ; 
and tliis energetic astronomer, though suffering under a severe neuralgic head- 
ache, laulffcd himself up and started off to the Observatory at Hopefield, which 
is at some distance from his then temporary residence. By a letter written 
on the following morning — 9th February, 1858, he informed me that he ” could 
detect nothing worthy of being called a star” in the position of the missing 
cornea; but that, “while poking about,” he picked up a very small companion 
to Procyon, which he had never heard of before, very delicate indeed, in 

those rather estimated than measured places — 

Position 285° ± Distance 48" ± 

While I was pondering over this phenomenon, my friend Mr. E. J . Cooper, 
of Markrce Castle, sent me the fourth volume of his Ecliptic Stars, wherein he 
shows a very extraordinary table, namely — ‘^A hst of stars given in the 
Markree Catalogue, now missing- ” : and this gentleman has since informed 
me that he has no doubt that above half of them will prove to be asteroids, 
since they were all well observed. This communication adds largely to what 
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I advanced— after enumerating Herschel’s insulated staxs— of stellar disap- 
pearances (Cycle, I. pages 274-6) : and there is a remarkable paper in point 
by M. Cbacomac, of the Imperial Observatory at Paris, “On several Stars 
wMob have disappeared from his EcKptical Charts.’’ This the reader wiU find 
in the Poyal Astronomical Society’s Monthly Notices, vol. xv. 

Piazzi erred less in the proper motions of this star, than he did in its 
parallax, for from the scrutiny and comparison of the Rev. Robert Main, we have 

^ = —08-048 1T.P.D. = + l"-08 

It will be recollected that this special movement, compared with its want of 
uniformity with almost the same amount in a Canis Majoris, led Rossel to 
hazard the bold speculation that Sirius and Procyon are binary systems, in 
which one only of the two stars is visible, because only one is luminous; the 
variability observed arising from their relative orbital motion about their 
common centre of gravity-light being no property of mass, nor the existence 
of numberless visible stars any proof against the existence of numberless iuvisible 
ones. At least the irregularities which Bessel detected, could only be explained 
by Sirius and Procyon moving in orbits under the influence of central forces, 
and consequently round another star, which, being invisible, must be an 
opaque and non-luminous one. Time will decide. 

CCOiy. K GEMINORUM. 

Position 23 9 (w6) Distance 6"-0(®4) Epoch 1838'98 
232°-3 («6) 5"-8(w8) 1851-21 

Prom the increase of angle between Mr. Dawes’s epoch and mine, as 
seen in the Cycle (II. page 186), I was led to attack this elegant but dehcate 
object again, and obtained the above results. But, on firmly gazing with time 
and power, the small star is too conspicuous to be shining by reflected light, 
as suggested by Sir John Herschel,— at least, so it struck me. The second 
epoch of Mr. Dawes yielded these results : — 

Position 232°'67 Distance 6"- 183 Epoch 1841-201 
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ceexv. 

? CANCBI. 


AB 5°*2 {w 8) Distance 1"*3 (« s) } 

1839*32 

AC 148°*2 (w 9 ) — 

5"-l (w 6) > 


AB 355°*1(w8) — 

- l"-2 (m 5) ) 

1843*11 

AC 147°*2 (w 9 ) — 

5"*0Cw6)) 

AB 345°*5 (» 6) — 

1"*0 8) } 

1847*28 

AO 147°*4 (w 6) — 

5"*0 (M 8) J 


AB 322°*7 (w 6) — 

(y^'9 (v) 3) ■) 

1853*17 

AC 144°*1 (iflS) — 

4"*8 (w 6) * 



Since I montioiied some of tlie probable elements of this -wonderfol ternary 
system (Cycle, II. page 194), additional observations have brought tbe orbit 
of A and B so nearly oixcular that the time of its periodic revolution cannot 
bo much short of a century; while the retrocessive movement of A and 0 
may bo noted as — 0'47 per annum; a sensible change, but one which will 
require ages for the performance of its revolution. Moreover the mutual 
action of the throe bodies must necessarily exercise a disturbing force. 

Mr. Bletchcr took some measures of this interesting object nearly at the 
same time with my last epoch, and these are the results : — 

Position AO 143°'68 Distance 4"'842 Epoch 1862'49 
AB 321°-06 T'-lOO 1863'30 


OOOXX. (p3 OANCEI. 

Position 212°'5 (w9) Distance 4"’8(w9) Epoch 1833*25 

213°*9 (w 0) 4"*8 (® 9) 1843*19 

214°*2 («. 7) 6"*0 {w 6) 1857*22 

I was woU satisfied of the fixity of the fine and close double star (Cycle, 
II* 196), but that a doubt was thrown in by a friend’s measurement, 

which implied a retrocession in orbit. My last epoch, however, may be held 
conclusive as to a retrograde movement; for, difidcult as the measures may 
bo, if the fixity be not adhered to, the comparisons would certainly mdicate 
a Slow direct motion in orbit. Bifty years hence it will be clear enough. By the 
Baron Bembowski, both components are equal in magnitude. 
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COOXXI. OANOm. 

Position 38°*6 (w 8) Distance 6"-7 (w 6) Erocu 1837*20 
40°-l (tt03 5"‘8 (m8) 1843*18 

The retrograde motion of — 0°*614 (Cycle II. page 196), which wan- 
from a comparison of my first epoch with that of Sir William JEor^schtil, 
is not only negatived by my measures at Hartwell, but they also afibrd a 
slight evidence that, if there be any orbital movement, it must Ix'. direcl. 
The colours at the last epoch, in a darkened field with power 240, A 

creamy white, and B pale blue : the Cycle magnitudes are from Piazzi. 

CCCXXVI. 108 P. VIII. HYDB/iE. 

Position 24° 9 9) Distance 10"*5 (« O) Eroon 1839*06 

2fi°-7(«8) l(yH(w0) 1840*13 

This neat object, which is designated 18 Hydrsc by some, must now 
be pronounced in a state of fixity ; the differences in angle being aHsignabi** 
to possible instrumental and personal errors of observation. Having r(‘c(uvi‘d 
Sestini's list of the colours of double stars, and finding that ho (‘alhul 
two components yellow, I took some pains in re-oxamining them in order 
to fix a point; and the aid of Mrs. Smyth and Dr. Deo was calh^d in. Tlu^ 
result was, that A must be termed ftdl yeUow, and B a (IuhIukI whiter or 
pale pink : at the same time the assigned magnitude of B was confirtncul. 

CCCXXXVIII. eHYDBAS. 

Position 191°*1 (w 9) Distance 3"*5 (to 6) Eroon 1839*23 

2O3°*2(w0) S"*6(tti8) 1843*14 

On comparing aU the places of this lovely object, I think a direct 
orbital movement may be traced, amounting to about 0°-CB per annum; 
but the supposed decrease of distance is not yet oonflrmod. Mr. Iflcvtohor’a 
observations, taken at Tam Bank nearly ten years after my last epoch, give 

Position 208°*52 Distance 3"*578 Eroon 1852 96 
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Mr. Main, by the rigorous comparison which I mentioned under vj 
Cassiopsea, found that the proper motions assignable to A were 

M = — 08-013 N.P.D. = + 0'^*04 

COOXLIII. 17 HYDRiB. 

Position 357°-8 (wG) Distance 4"-5 (wO) Epoch 1838-12 
3580*5 ( v > 8) 4"‘5 {w 6) 1849-21 

Among the revelations of astronomy, that of double stars is one of 
the most curious and interesting, especially in branching into its two divisions — 
optical and physical (Cycle, I. page 293). Now, the fine object before us 
being one of those pairs of which the proximity is accidental, I was well- 
assured of its relative fixity (Cycle, II. page 208) ; but it was measured 
afresh, on the ground that B, being at a remoter distance than A, might 
show a proper motion in the latter. But the problem stiH requires time, 
and on the whole is, perhaps, a case for the large heliometers. 

OCOLVII. o) LEONIS. 

Position 355°-0 (w 2) Distance elongated (w i) Epoch 1839-33 
193°-0(ic3) 0"-3 («)]) 1843-14 

It will be seen in the Cycle, (II. page 216) how little relianoo is to be 
placed in my estimations, or rather guesses, respecting this difficult and egg- 
shaped but exquisitely cuneated object. Indeed it was only mis-shapen to me 
by glimpses, nor would I even make an affidavit that I had a firm view of the 
elongation. But its being one of Struve’s pervicincB has not precluded it from 
being recognized as a binary system; and M. Madlcr has ably calculated the 
elements of an orbit, having a period of 82*533 years. 

CCCLXXYI. 7 LEONIS. 

Position 106°-0 (m 9) Distance 2"’6 (w O) Epoch 1839-23 
107°-2(«9) 2"-8(w9) 1843-18 

The colours of the components of this very beautiful pair were re-examined, 

2 I 
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and witliout referring to the Cycle, noted A flashed yellow, and B a similar 
tint but paler. Mr. Bletoher obtained an epoch ten years after my last, at 
the Tam Bank observatory, of which the values are 

Position 108®-43 Distance 3"*003 Epoch 1853-21 
which in round terms shows a change of angle amountiug to about 26° in 
71 years ; thus proving the slow direct movement to which I alluded in the Cycle 
(II. page 228). But the duration of the annus magmis, as there stated, may 
perhaps, on further consideration, be much reduced. 

'While here, those who will not refer to a table of Errata may be reminded, 
that on the preceding page 227, line 6, N.P.D. 77*^ 16“^ 128, ought to have 
been 77° 15' 12". The typical error, however, wUl be obvious enough. 

OCCLXXIX. 67 P. X. LEONIS. 

Position 64°-8 6) Distance 3"-0 (w s) Epoch 1831-18 

65°-3 iw 1) 3"-5 {v> 6) 1843-16 

67°-5 {w 6) 3"-5 (w 6) 1853-22 

These last results have induced me to suspend the opinion whioli I gave 

in the Cycle (II. page 230), that this "beautiful but delicate object is only 
optical;” for, though the measures are somewhat impaired by the diffusion 
of light and moulding of the components while under operation, they arc 
sufl5.ciently strong to indicate a progressive movement iu orbit, which, however 
slow it may appear, should be looked after by the future astrometor. 

CCOLXXXI. 49 LEONIS. 

Position 158°-1 (w 5) Distance 2"-5 (w 6) Epoch 1838-37 
159°-0 (w 7) 2"-8 (w 8) 1855-29 

In the Cycle (II. page 231) it will be seen, that from the great difference 
between Struve’s angle and mine, in an interval of only 7J years, I thought 
a retrograde angular motion was indicated. This, however, was expressed 
with caution, and left questionable. But, though the object is extremely 
^ delicate, and at times not at all of easy measurement, I am pretty well satisfied 
with my last operations ; and therefore pronounce for its fixity. 
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CCOXOI. 64 liEONIS. 

Position 102°’7 (w 8) Distance 6"‘2 {w 8) Epoch 1839*33 
l03°-3 (w 8 ) 6"*4 (w 6 ) 1855-29 

The sentence I passed in the Cycle (II. 236), that little change 

cf i.T> have taken place in this pretty pair in 68 years, is now confirmed by 
observations made after an interval of over 74 years. Indeed I was pretty 
weU satisfied of its fixity, on making all allowances ; bnt, finding the accu- 
rate Mr. Dawes had obtained a position of 106°*18 in the winter of 1846, 

I again placed it on my working agenda for another attack. 

CCOCVI. § MAJODIS. 

Position 156°-9 (w 8) Distance 2"-0 (to c) Epoch 1839*23 

143°-2 (m 9) 2"-3 (wti) 1843-16 

136°-1 (®7) 2"-8 (w D 1845-75 

132°-8 (108) 3"*0 (!o6) 1849-18 

123°-5(iflr) 2'"-9(w4) 1851-31 

This very interesting binary system has been weD watched, and its 
motions most ably discussed, though substantially it remains as described in 
the Cycle (pages 246, 247). In that description I alluded to the great discor- 
dances in the value of its orbital movement,— and they are not yet removed 
by observation, insomuch that the aid of perturbation and proper motion is 
called in. Sir John Herschel, reasoning on such apparent anomalies, observes 
that the two halves of the orbits seem to belong to different ellipses. Dy 
graphically projecting the places of the various epochs, we are led to an ellipse 
of which the gravest elements are 96°'5 for the node, 0’4360 for the ex- 
centricity, and about 60 years for the period; which is in fair agreement 
with my former conclusion, as mentioned in the Cycle (II. page 247) : and, 
on comparison, the computed places agree tolerably with the observed values. 
Erom Mr. Eletcher’s last measures, obligingly made for my use, we have 
Position 111°*25 Distance 2"-992 Epoch 1867*40 

2 I 2 
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CCOOXI. I LEONIS. 

Position 87°-7 (m 6) Distance 2"-4 (« 3) Epoch lS39-.‘i2 

86°-0 (« 8) 2"*5 (« 4) 1843‘3H 

81°-3 (1^7) 2"‘5 (W4) 1853-29 

In treating of this beantifol pair in the Cycle (II. 250), I inc'ii- 

tioned that I scrupled not to designate it a binary system; and from 4 )l)Hor- 
vations in various quarters, in addition to my own, the binarity is now iully 
proven. The measures of Mr. Dawes, to which I there alluded, gave 
Position 85°-27 Distance 2"-628 Epoch 1843-26 
and since my last epoch, !Mr. Eletcher has handed mo the following — 

Position 81°‘43'' Distance 2"-092 Epoch 1855*27 

On the whole, the series of operations on components so un('.([iial may 
he said to indicate a retrograde movement in angle of about 0°-5 pijr iinnuin, 
instead of 0o*834 as concluded by the elder Struve. It is poswsiblo that- l.ln^ 
distance may he on the increase, though certainly not as shown by iht^ 

measures, but in that to the senses it seems easier that it was. In th(^ 

I gave three values for the proper motions, but an astronomer thought t.lu'y 
were still more sensible. That question may be considered as disposiKl of by 
the investigation of the Rev. It. Main, who gives the quantity 

M = + 08-007 N.P.D. + 0"-07 

The colours were again scrutiiuzed in 1867, under a darkened field, wlicn 
A was pronounced to be a fine yellow, and B a doeidod blue. 

OCCOXVI. 67 UESA: MAJOEIS. 

Position 9°-9 (» e) Distance 5"-9 (» 5) Eroon l«;i5-42 
8°-3 (» T ) 5».6 (, 4 ) 1846'38 

This fine double star was re-measured rather to test how B- suspected 
of variahility-would hear illumination again, than for the sake of another 
epoch of an object so apparently in a state of fixity. The result, however 
under ah allowances, certainly giyes indication of a probable retrograde motion 
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in orl)it, and it may therefore he recommended for watching. As to B, by my 
rulc-of-tliTimb comparison, it again appeared as a bold 9tb-magnitude violet- 
tinted star; yet it has been recorded as a red lOtb. Can this result &om 
change ? Mr. Hind thinks that alterations of brilliance are accompanied 
by alternations of hne : that severable variable stars increase bine, are yellow 
after Tnn.viTrmm 3 flash red in decreasing, and, at their minimum brightness are 
surrounded "with a kind of fog. This interesting suggestion awaits the fiat 
of confirmation, but it is, notwithstanding, pregnant with meaning. 

GGOOXX. 17 GBATEBIS. 

Position 207°‘8 (m3) Distance 10"*1 (m2) Epoch 1833’21 
259°'8 (m 6) 9"-3 (m 3) 1846-38 

This neat double star was also watched, like 67 Ursse Majoris, on account 
of the suspocted variability of B ; it having been registered, by various ob- 
servers, from 6j to the 8th magmtude, while I have adhered, agreably to the 
rule I have mentioned, to the 7th, as recorded by Piazzi. However had I, 
upon systematic comparison, found it different, the fact, of course, would have 
been duly noticed. In our latitude the star is low down, and liable to be 
involved in variable refractions ; but Sir J ohn Herschel, who measured this 
pair at the Gape of Good Hope, with an advantageous altitude, registered it 

as being of the 6th degree of brightness in 1836. 

As tlioro wore appearances of a direct orbital motion, I requested Lord 
Wrottcsloy to give me an epoch with his equatoreal for further comparison, 
and of tho consequent observations, these are the values— 

POSITION 211°-39 Distance 8''*819 Mags. 6 and 5j- Epoch 1857-292 
whereby the increase of angle -with a diminution of distance is confirmed ; and 
tho reason for the non-influenee of the proper motions of A which I advanced 
in tho Gycle (II. page 266) is borne out. The value of this movement in 
space was there given for A only ; but, as the relative situations of A and B 
had not altered, so that a physical connection was obvious, Mr. Mam treated 
tho components as one mass; and, comparing its place in the Greenwich 
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Catalogue of 2156 stars with other meridional registers, round tlui ()r()p(‘r 
motion in iR = — 0“‘005, and in north polar distance = — 0*11. 


CCOGXXXIII. 2 OOMJl BEUENICIS. 

Position 239°-9 (m 9) Distance 3"*6 (w s) Epoch 1839*37 

238°*5(®8) 3"*6(«6) 1849*35 

240°*2 (« 9) 3"‘3 (w 7) 1855*28 

Notwithstanding my satisfaction with the results of the epoch of 
and the opinion expressed thereon in the Cycle (11. page 2C1), I was tcni])1cd 
hy two fine nights in succession to return to this admiraWo ol)jc<'t. Tlio 
circumstances were equally favourable with those recorded in 18«); mid a 
very careful review of the whole measures taken between 1832 and IHrifi, 
compared with those of other astrometers from 1782, has convinced rms of ih,- 
optical nature and consequent fixity of this very neat pair. 


V Xw 




Position 169°*9 Distance 3"*8 Epoch 1858*39 

We have now arrived at a very extraordinary and craeially imi.ortant astro- 
nomioal feet, namely, a weU-ascertained instance of one sun actually revolviajf 
round another sun, under similar dynamics with those of our Solar 8y.sl<.tt,_ 
to which, until lately, the attention of astronomers was almost exelu.sively 
dn-ected. Indeed, before the advent of Wright and MiclieD, the sidereal heavens 
were mostly regarded as a mere assemblage of fixed stai-s, so unchm.ging in 

steT“e 

ce then the speculations and labours of such master-minds as those of 
Kant, Lambert, and Sir William Herschel bsvB n„ii i . ‘ 

u ‘1 demonstrated llic Ihlljw.v 

the “f 

results before the persevering reader, together wij Z 2n f r‘‘ 
taken in the twelve well-spent evenings on which they depend:- 
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Date. 


Position. 

Wght 

U). 


w. 

1 

Dislanoo. 

Wght 

w. 

1 

U 


Z 

w. 


-170°) 

(t.- 

-1858) 

% 

iJa 

O 

A 

w. 

(A— 4") 

o 

1858. 
Peb. 4, 

•10 

Q / 

169 „43 

40 

/ 

— 680 

+ 

400 

8 

// 

3-44 

24 

— 1344 

C 

8, 

■11 

169 „ 36 

36 

— 864 


896 

7 

4-01 

16 

+ 16 

4 

18, 

•14 

170 „31 

46 

+ 1426 


644 

9 

4-01 

26 

+ 26 

6 

May 6, 

■36 

170 „63 

40 

+ 2120 


1400 

8 

8-55 

19 

— 855 

6 

7, 

•36 

169 „ 66 

44 

— 176 


1540 

B 

3-90 

30 

— 300 

6 

8, 

•36 

170 „ 37 

41 

+ 1517 


1476 

B 

3-56 

24 

— 1066 

6 

10. 

•36 

170 „ 23 

42 

+ 

966 


1612 

B 

3*97 

29 

— 87 

6 

11, 

•36 

169 „ 16 

45 

— 2025 


1620 

B 

3-97 

24 

— 72 

6 

June 13, 

■46 

169,, 80 

20 

— 600 


920 

6 

8-79 

18 

— 378 

6 

14, 

•46 

168 „57 

35 

— 2205 


1610 

7 

4-11 

24 

+ 264 

6 

16, 

•46 

168 „ 64 

48 

— 3168 


2208 

8 

4-15 

31 

+ 466 

8 

18, 

•47 

170 „ 9 

40 

+ 

860 


1880 

8 

3-43 

25 

— 1425 

6 


808 


—268 

— 9718 

+ 

15606 

89 


—193 

— 5617 

72 





+ 6389 

• 




+ 97 

+ 771 



CONCLUSION. 

Sum of (z .Mncan of POSITrON = 169°, 54'*31 
Sum of (A w.), mean of DISTANCE = 3"'7937 

Sum of (w. i.), mean of EPOCH = 1858’392 


Corresponding Angles and Distances forwarded expressly for comparison witli the above 
Measures, from the following Observatories, namely : — 

ObserTOtoiy. Position. Distance. Epoch. Obsarrer. 

Greenwich 168° „ 3(y . . 3"-847 . . 1858-48 . . Main. 

Haddenham 168 „ 47 . . 3''-682 . . 1858-45 . . W. R Dawes. 

Tarn Bank .... 170 „ 01 . . 3"*567 . . 1858-387 . . 1. Fletcher. 

Wrotteslby . . 170 „ 42 . . 3"-401 . . 1858-476 . . F. Morton. 
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COCOLXII. 36 OOMiE BERENIGIS. 

Position AB 30°*0 (®. i) Distance («■ i) Epoch i834-38 
AC 126°-5 («>. 8) 28"-8 (w. 6) $ 


(«>. 8 ) 
AB 42°*0 (w. 2) 


(w. 6) 
r-5 (v>. 1) 


1843-32 


When, my first measures were taJien at Bedford, there were anticipations 
that this delicate object would turn out to be a ternary system ; but A and 0 
are decidedly mere optical objects, as stated in the Cycle (II. page 286), A 
and B have, however, apparently a direct progression of about 0°'6' per annum ; 
a conclusion which calls for confirmation. In 1863 in merely gazing with a 
negative eye-piece magnifying 240 times, in a darkened field, the colours came 
up bright and clear, A being pale yellow, B lilac, and 0 a Ml blue. 


OOOOLXVI. 12 OANUM VENATIOOEUM.* 

Position 227°-0 (w. d) Distance 19"-8 (w. 9) Epoch 1837-39 
226°-7 9) 20"-2 {w. 7) 1853-60 

Here is additional proof of the relative fiLxity of this fine double star, 
during a period of 73 years; and the proper motions, as established by the 
investigation of the Rev. Robert Main, (see Oassiopsea) are thus valued — 

08-023, and N. P. D. — 0''-06 

This object was again scrutinized in 1866 as to its contested colours ; 
when it was declared by some good eyes that A is of a pale reddish white, 
and B a hlac tint {see post, Ohap. YII). 


OOCOLXXI 42 OOMiE BERENIOIS. 


Position 10°*0 (w. 2) Distance elongated (w. 1) Epoch 1839-41 

5°-0 (w. 1) 0"-3 {y>. 1) 1842-50 

round (»• 6) round (w. 6) 1843-32 

I certainly thought that this impracticable object— one of Struve’s high 
class vicmissimcB — was opening, although my estimations were but vague 


* 111 my mention of the Court parasites seeing this star brighter on Charles II. returning from exile (Cycle, II. 
page 288) I should have added that, if John Ogilhy is to he believed, Charles’s birth was also attended by a star 1 
“ May that great God who sent a star to wait on your nativity,” is John’s ejaculation in the dedication of his 
ponderous Homer. Pretty well for the Master of his Majesty’s Hovels I 
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fjUGsses ; still tlie image gave an impression of an egg-shaped form, especially 
at the epoch of 1842. But in the following year, in the finest weather, 
and under the utmost coaxing, I was compelled to give up all idea of the 
idongation, and record it as a single star with my limited means. 

OOOOLXXX. f TJRS-® MAJORIS. 

Position 147°-4 (w o) Distance 14"-4 (m 9) Epoch 1839*32 
148°*1 (w 9) 14"*2 (w 9) 1864*72 

Although I was well-assured of the fixity of this brilliant double star, as 
expressed in the Cycle of Celestial Objects, (II. page 298, 299,) I was led after an 
interval of fifteen years to re-examine it; and the results which were then 
obtained, fuUy corroborate the opinion I had advanced. 

Tliis splendid object, Mizar, was the principal of those selected by Mr. G. 

Bond, the American Astronomer, to test the powers of photography upon ; 
and a specimen of his success which he sent over to Greenwich in 1867, 
representing the whole field between Mizar and Alcor, was so much to the 
admiration of our Astronomer-Boyal, that he wrote to me in terms of excite- 
ment as to tlie achievement, and intimating that the present hum-drum scheme 
oi* measurement would shortly receive its viatictm. It is indeed truly wonderful, 
and to a certain degree probably efficient ; but I am not altogether so sanguine 
in my anticipations, since some grave difficulties seem to stop the way in 
advancing to perfection. Yet the mean of Mr. Bond’s pictures, as compared 
with the mean of all my observations, give the places of the star and its com- 
panion with singular and unexpected precision ; being thus — 

Position 147°’8 Distance 14"'49 By photograph. 

— • 147 °*7 14"*40 By wire micrometer. 

It appears that no fewer than eighty-six photographs of Mizar were taken, 
and an achromatic reading-microscope was employed, when "the bisections of 
the images,” says Mr. Bond, "are made with an exactness quite surprising^ 
considering their indefinite outline and comparatively large diameter.” But 

2 b: 
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lie also says— “ The real diffictdty, perhaps insurmoimtable, which now previuits 
a most extensive application of photography to astronomy, is tho 
sensitiveness of the processes in use. Unless photographs of staPvS us low 
at least as the eighth magnitude can be obtained, its use must bo rostriotod to 
comparatively few double stars. Should, however, this impediment bo ovoroonio, 
and photographic impressions be obtained from stars between tho sixth and 
eleventh magnitudes, as has already been done for those between tlu^ llrsl 
and the fifth, the extension given to our present means of observation woidd 
be an advance in the science of stellar astronomy, of which it would scar cm dy 
be possible to exaggerate the importance.”* 


COOOLXXXIV. 61 M. OANUM VENATIOORUM. 

Mean epoch of obseevation I Bedford. 

i 1857*54 At Hartwell. 

Thou shalt lead us on to triumphs, yet to mortal power unknown, 

Realins which angels only visit, shall yield homage at thy tlirono, 

* * ♦ # # 

Far almost as thought can venture, which Immensity scarce bars, 

Deep in that imfathom’d ocean, all whose isles are heavens of stars. 

Dr. Robinson, on the Rosse Telesooi’e. 

When Messier discovered this wonderful nebula sixty-four years hoforc 
my first acquaintance with it, he merely noted it as a faint double ntibula. 
Sir William Herschel described it as a bright round nebula surrounded l)y a 
halo or glory, and attended by a companion; while his son thought it borc' 
a real physical resemblance and strong analogy of structure to our own MyHtt*m ; 
and this was his representation of it, as published in his daborato Catalogue 
of 1830 ; but here the shading— as regards black and white— is inverted, and 
the whole adjusted to a sf, nf^ md sp, direction: — 


A legends of Ursa Major (Cycle, II. page 238), it should have been added that Kii.ir 

Arthur Ae renowned hero of the Mabinogion, typified the Great Bear, as his name bear uZr 
won erM u^hes m the Welsh language: and the constellation visibly describing a circle in tho’ north nolar 
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My own expression, after much close gazing, was (Cycle, II. page 302), 
“ a pair of lucid white nebulae, each with an apparent nucleus, witli their 
nebulosities running into each other, as if under the influence of a condensing 
power.” But under all the ability of my instrument, charged from 03 to 
240 times, I could not even raise a spectrum of the above figure J a diffused 
gleamy light only, as marked on my sketch, being occasionally caught on 
intense watching. Somewhat disappointed with this performance of the equa- 
toreal, I wrote afterwards to Mr. Frederick Morton, Lord Wrottesley’s assist an.t, 
to ask what his lordship’s telescope— of nearly two inches more aperture than 
that which I plied — would reveal in the case. This gentleman’s reply was 
in perfect accordance with the statement I had already given, saying— there 
is certainly a diffused nebulosity perceptible between the two nuclei, and it 
appears brighter or more condensed at a certain point (which may be a faint 
nebulous star) nearly mid-way between them. Between this point and the 
northern nucleus, there is a patch of sky apparently much blacker than the 
rest of the field.” This latter peculiarity is no doubt owing to the effect 
of the bright patch giving intensity to the darkness immediately around ; 
howeyer, this is all that I could make of 51 Messier at Bedford— 


2 K 2 
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Yet really the whole was nearly a “ sealed hook ” till the spring of 18d5, 
when the enormous command of light possessed by the magnificent telescopes 
of Lord Losse enabled him to detect certain mystic convolutions in the nebuhe, 
which hitherto had remained undetected by human eye. I speak of those 
wondrous bodies which exhibit polar and lateral foci under a spiral arrangement 
— seemingly vortices of remote star-streams, bent into curves by orderly yet 
apparent irregularities of impulse. It may be true that spiral arrangement 
is not a demonstration of spiral motion, but we cannot resist the speculation 
of compound movements indicating forces of which we are entirely ignorant. 
In such cases, where appearances seem beyond the laws of which we have 

any knowledge, we can only bow, and refer their structure to the fiat of 

Omnipotence. To enable others to think also, we will here submit a, very 

faithful though inverted copy of the view of this nebula — that is, I have 

placed it white on a dark ground instead of black on a white field, as more 
consonant to what we really see. And this is its strangely novel appearance, 
with representations of which Lord Eosse absolutely entranced the intellectual 
world; carrying out Dr. Eobinson’s happy prediction as to the consequences 
attendant on his lordship’s mighty telescope— 

Many a bright and starry wonder, hid since time its course began, 

Many a secret of creation shall be now disclos’d to man. 
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Tlio Ear] of llosse, in making tliis revelation, observes — “Much however 
as the discovery of these strange forms may be calculated to excite our curiosity, 
and to awaken an intense desire to learn something of the laws which give 
order to those wonderful systems, as yet, I think, we have no fair ground even 
for plausible conjecture ; and, as observations have accumulated, the subject 
has become, to my mind at least, more mysterious and more unapproachable.” 
And again, on the apparent concordia discors, his lordship says 

Wo thus observe that with each successive increase of optical power the structure has become 
more complicated, and more unlike any thing which we could picture to ourselves as the result of 
any form of dynamical law of which we find a counterpart in our system. The connection of the 
companion with the greater nebula, of which there is not the least doubt, and in the way represented 
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in tlie sketoh, adds, as it appears to me, if possible, to the difficulty of forming any hypothesis 
That such a system should exist "without intemal movement, seems to be in the highest degree 
improbable; we may possibly aid our concep'tions, by coupling "with the idea of motion that of a 
resisting medium; but "we cannot regard such a system, in any "way, as a case of mere statical 
equilibrium. 

In a word, the discovery of Spiral NiBULiE, the most extraordinary and 
unexpected class of objects which modem research has yet disclosed in steUar 
astronomy, is wholly due to the noble Earl : and their forms are so entirely 
removed from all .analogy with the phenomena presented either in the bodies 
of the solar system, or the whirls of Encke’s comet, in the star-curves I found 
in 36 Messier (Cycle, II. page 144), or in the steUar strata of Padre Secchi, that 
notions as to their physical condition are merely guess-work. The enigma is 
another unequivocal mark of the illimitable power of the Supreme Creator 

Eor exceUent accounts of other wonderful revelations of Lord Posse’s 
telescopes, the reader is referred to his Lordship’s description in the Philosophical 
Tramactions for 1850 ; and also to the lucid communications of Dr. T. P. 
Pobinson, of the Armagh observatory, to the Poyal Irish Academy. 

CCOCLXXXVI. 127 P. XIII. YIPGINIS. 

Position 31°-0 (» 8) Distance 1". 7 (w 4) Epoch 1838*48 

37°' 9 <« 8) 1"*7 (w 6) 1842*52 

51°-7 (w 0) 2"*0 (w 6) 1862*38 

This star was remeasured because it evinced so great a change in angle 
with but little in distance ; and it seems to be stiU under the same conditions, 
the which are strongly indicative of a binary system with a circular orbit 
(Cycle, II. page 304), The pair were measured nearly at the middle epoch 
above given, by the Pev. W, P. Dawes, and the coincidence was remarkable — 

Position 37°*40 Distance 1"*637 Epoch 1842*39 


* The spirality of nebul® has been strangely suggested to be owing 
but I hope this notion is abandoned, since it is utterly untenable either 


to scratches on the metallic mirror used : 
upon optical or mechanical grounds. 
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OOOOLXXXYIII. Peeo. 3 M. CAN. VENATICOErM. 

Position 191°'6 (wS) Distance (ici) Epoch 1836‘48 
1950.0 («,2) l"-0 («!) 185P37 

This little beauty precedes that brilliant globular cluster 3 Messier, and, 
having been detected by me at Slougb, in tbe Herschelian 20-foot reflector, 
is of course an object of interest. I mentioned in tbe Cycle, (II. page 306), 
that it was decidedly elongated to Mr. Dawes and myself wben we examined 
it together in 184)3; and this gentleman has since obtained’ some very fair 
measures of it with his Mertz 84~foot refractor, of inches aperture, at his 
observatory of Camden Lodge, near Cranbrook in Kent, thus : — 

Position 196°- 64 Distance 0" 8 Epoch 1848*42 
by which I was led to conclude a change of angle ; but from the difficulty of 
ascertaining this with my means, the question is still an open one. 

DYI. a BOOTIS. 

Position 49°*3 (w 2) Dipeeebnob JR = 15b*1 (w i) Epoch 1836 47 

This noble and insulated standard Greenwich star is re-introduced, because 
its large proper motions have been investigated on two occasions since I 
mentioned their amount as then settled by Piazzi, Badly, and Argelander 
(Cycle, II. page 316) : and as the movement may prove to be of the highest 
moment in physical inquiry, I will here recapitulate all the ascertained values — 

M = — 1'''17 Declination — 1"'96 Piazzi. 

— l"'ll 1"*98 Baih/a first. 

— 1"-18 1''’96 Argelander. 

1"-18 1"*97 MadUr. 

— 1"-18 1".93 Main. 

— 1"*17 1"'96 Baihfis second. 

Since my description was published, the little star i/nfra ATctmwn^ on a 
bearing of 182°' 2, was enlisted by Johnson for a parallax-pointer to Arcturus, 
because from 1690 to 1866 — on comparing the standard authorities, no proper 
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motion can be detected. In Ms investigation of tMs question, he obtained for 
Arcturus the error of spacial movement in distance = 0"'0384 ± 0"-040 ; hence 
the quantity already assigned must be very near the true value. The resultant 
parallax by Johnson, and that of Peters, may be thus compared 

0"-127 ± 0 "- 073 .— 

0''*1377 ± 0 "' 052 . — Johnson. 

or, assuming the proper motion given by Main as exact for the year of 
observation, and rejecting the very dubious correction for temperature, we have 

+ 0 "* 044 . — Johnson. 

Regarding the brightness of Arcturus, although it always maintains its 
place among the first rates, it is suspected of a tendency to variability. 
Indeed the charge amounts to even more than suspicion, for Mr. Eletcher 
has noted it alternately brighter and less bright than Oapella, a star so favourably 
posited for direct comparison. It was, however, in full splendour on the 6th 
of October 1868, when, to the delight of millions of human eyes, it was run over 
by Eonati’s beautiful comet, the head of which was instantly reduced to “ second 
best ” in brilliance by the star, despite a new veil thousands ol miles in thickness. 
This was its appearance at about 5^ 35™ p.m. 



« 
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In a letter wMcli I received from Mr. Pogson, he regretted that certain 
observatory cares, and an unusual invasion of sight-hunting bores, prevented 
him from making those cometary observations with the excellent Oxford 
instruments which he otherwise wished to have done ; but he adds : — 

One observation of Uglit-intcnsity, bowever, we did obtain when Arcturus waa so near as to be 
in the same field of view with the comet, and if you will make any record of it, I can assure you 
that it is a most tnistwortby comparison, carefully mad?, by an excellent method. 

The comet, seen through the undiminished half of the heliometor object-glass, appeared of equal 
intensity with Arcturus seen through the other half diminished to 0‘96 inch. Arcturus was 
therefore 62*3 times as intense as the comet, or, adopting Argelandcr’s ratio of 2 ’5 12, the difference 
of magnitude was 4‘6. 

On September 30th, at 7^ 17“ mean time, Mr. Luff of Oxford, whose honest worth — well- 
known to yourself — gives weight to all he states, measured the length of Donati’s tail with a sextant ; 
ho found it to be 22°. 

Now had the nucleus of Donati (Oomet V. 1868) passed but about 20' 
further to the north than it did that evening, and gone right over Arcturus, 
what a world of physical questions as to phasis, density, solidity, and per- 
meability to solar energy might have been cleared off 1 As it is, philosophers 
must wait until some other comet shall pass over a brilliant star. 

DXVIII. r BOOTIS. 

Position 128°*6 (wS) Distance 1"-3 (4»6) Eroon 1838’45 

127°-3 (wd) l"-2 (w6) 1842-43 

128°*2 («6) l"-0 1862*38 

Another attack on this close, and in some respects inconvenient double- 
star, confirms my former opinion that no orbital variation has occurred since 
1796, notwithstanding apparent discrepancies ; nor does there, on weighing the 
whole, appear to be any difference in the distance (Cycle, II. page 324). 
The trifling anomalies exhibited in a period of 66 years, since Sir William 
Herschel first measured it, must be in the instrumental manipulation, for no 
proper motion can be traced in declination, and only + 0®’002 in right ascension. 

Nor has the strange alteration of brightness alluded to in the Cycle, been 

2 L 
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confirmed; though the elder Struve expressly says — “nihil est duhium quin 
differentia luminis in his stellis sit variahihs.” 


DXX. e BOOTIS. 

Position 321°‘2 (m7) Distance 2"‘9 (w5) Epoch 1838*68 
322°-l {w 8) 2"-8 (w 6) 1848*64 

This beautiful star, the pulcJierrma of Struve, still maintains an apparent 
fixity by my measures, although so much evidence has been adduced for its 
hiaarity : and I am more iuclined to assign the anomalies which appear in the 
records, to the closeness, the brightness, and the oblique position of the com- 
ponents, than to orbital changes, or proper motions through space (Cycle, II, 
page 325), the last of which are now found to be only 

M—- 0a*005 N. P. D, = — 0"*01 

I cannot but adhere, therefore, to the opinion I expressed, that progression 
is not proved ; and another instance is afforded, as with 7 Andromedse and a 
Herculis, that high colours in stars are not symbolical of motion. 

Mr. SoUitt, of Hull, informed me that he thought he saw A of this object 
double, in a reflecting telescope of his own making; but I could give no 
encouragement to the notion. However I sent the case to Mr, Hawes, for 
the benefit of his instrument, who, on the 20th of November, 1855, returned 
this answer— “In a letter to myself some months ago, Mr. SoUitt preferred 
a charge of duplicity against Mrs. e Bootis ; whereupon I put her on trial, 
nnlling as witnesses two capital object-glasses of inches and inches diameter 
respectively; and no browbeating on my part could induce them to declare 
that there was any duplicity about her character. Having full confidence in 
my witnesses, that they aver the truth as far as their optical power extends, 
I am bound to acquit the said e of the charge; at least until the evidence 
against her is proved to be stronger and more trustworthy than that in her 
favour.” This must be regarded as a definitive sentence. 
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DXXII. g BOOTIS. 

Position 324°'8 (w 9) Distance T'-l (« 9) Epoch 1839*61 

322°*9 (w 9) 6"'9 (iff 9) 1842*42 

316°*8 (iff 9 ) 6''*5 (iff B) 1852*38 

These last m^iires form an additional evidence in proof of the orbital 

retrogression of this fine pair of stars (Cycle, II. page 328), no less than 22° 
having passed under my own eye; the angular velocity being about 0°'74 
per annum. As the hues of this object have been questioned, as well as its 
binarity, it was specially gazed at in 1867, by two pair of eyes, in a darkened 
field of view, without reference to the Cycle notation ; and the thereby 
unbiassed result was A, deep yellow, B, fiushed purple. 


DXXIII. 39 BOOTIS. 

Position 44°*7 ( 5 ^) Distance 3"*8 (w 6) Epoch 1839*00 
450'3 (w7) 3"*5 (iff 6) 1847*61 

The slow retrograde motion assigned generally to this fine double-star, 
since it was discovered by Sir William Herschel in 1783 (Cycle, II. page 
329), is certainly not borne out by my micrometrical measures : and even 
some change which may be traced in nearly three quarters of a century, is 
assignable to proper motion, which at the last comparison was valued at 

M = — O^-Oll, N.P.D. = — 0"*05 

Mr. Dawes and myself differ more on the colours of this pair, than is 
usual with us ; he having noted both as pale yellow, while I make A white, 
and B pale IQac— the magnitudes, in 1847, scarcely differing. 


DXXIX. 44 BOOTIS. 


Position 235°*3 ( v > 9) 

235°* 9 (w 9) 

236°*2 (w 7) 


Distance 3"*5 (w 7) 
3"*7 (iff 7) 


Epoch 1839*62 

1842*58 

1847*45 




4''*1 (w 6) 

2 L 2 
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This flue object is a mystery ; for, although after weighing all the data 
with attention I feel unable to say anything dedsiTe as to angular progress, 
there can be no doubt of its increase of distance, an opening which stamps 
its physical character. But the evidence as to its binariiy remains still nearly 
the same with that given in the Cycle (vol. II. p. 334i). Since my last 
measures, Mr. Isaac Hetcher obtained the following places : 

■ Position 237°-95 Distance 4"-268 Epoch 1851*47 

Oh looldHg at tliis pair in 1866, in a dark field, A appeared to be pale 
yellow, and B dusky ; wliicb is nearly Struve’s mh-flma and mh-cmrulea. 

DXLI. *>] OOBONiE BOREALIS. 

Position 120^-’-1 (« 6) Distance O'-S (w i) Epoch 1839*67 

— 151°*3(»6) 0"*5(«i) 1842*68 

188°*5 (« 3) 0"‘3 {w 1) 1846*69 

246°*8 (w 3) 0"’5 (« 1) 1852*43 

The handling of this fine binary system is, from the brightness and 
proximity of its components, extremely difficult; and indeed the distances 
are mere guesses, to which my lowest weights are applied, but perhaps O ought 
to have been introduced into my scale. By transient glimpses the elongation 
was pretty fair, but never notched, and therefore the angles merit more con- 
sideration than the distances. Since the Cycle was pubhshed, orbits have 
been computed by M.M. Madler and VRLarceau, but the principal elements 
do not remotely differ from those which appear therein (II. page 341)— the 
ex-centricity still remaining less than that of any other computed binary 
system, except ^ Oancri. In addition to what is said as to the proper motions of 
13 on the same page, Mr. Main has valued its movement in north polar distance 
at -f0"’19, by rigorous comparison with standard meridional catalogues. 

DXLIII. BOOTIS. 

Position 310°*6 (w 7) Distance 0'''*9 (w 2) Epoch 1839*32 

306°*1 (w 6) (y'*8 (w 2) 1842*62 

265°*0 8) 0"*6 {w p) 1863*60 


.-fs 
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The relative situation of this highly interesting binary system with 
Bootis remains nearly the same, both in position and distance, as given for 
the year 1832, in the Cycle (II. page 342):’^ but se the retrograde 

movement in orbit is still further confirmed, and with accelerating velocity. 
Hence it follows that the distance is diminishing, it having been observed 
by Herschel and South in 1823 as = r*65, and in 1863 I hardly considered 
it to = 0"*6 : my last was rather a guess than an estimate. 

It will be seen in the Cycle (II. page 343), that I considered the period 
of this system to be a shaky quantity. Since that volume was printed, I have 
been favoured by Mr. John Bussell Hind with a letter from Allsop s Place, 
24 September, 1846, in which, among other scientific matter, he says ‘ I 
beg to send you a set of elements for the binary system ft® Bootis (Piazzi, 
XV. 74), which I have just computed on Sir John HerschePs beautiful 
method. All your observations are included in the calculations, but I have 
not vet had leisure to compare them with my elements, as I intend doing : 


Pcrilidioii Passage 

T 

= 

1849-41 A.D. 

Moan annual motion 

H' 

zz 

-- 36'-102 

Anglo Ictwocn nodes and apsides 


= 

102°*23' 

Position of node . 

a 

=: 

116°-54' 

Ex-centrioity 

. e 

= 

0-8746 

Inclination of orbit 

7 

= 

58°-lP 

Semi-axis major . 

. a. 


3"-874 

Period of revolution 

P 


698-3 years 


BXLVII. 8 SEBPENTIS. 

Position 191°’S (w 8 ) Distance 2"-7 (« 8 ) Epoch 1838-38 

196°-2 (® 9 ) * 2"-8 (« 8 ) 1842-36 

196 °- 5 (« 7 ) 3 "- 0 («» 6 ) 1851-32 


• In tho note to that page, I have oaUed the Khazzan the chief of the Synagogue : but Mr. S. M. Drach, whc. 
has readily aided my Hebrew roseorchea (see ante, page 227), assures me that the office is that of reader, or pre- 
lector the head Eabbi being always the chief of the Synagogue. 
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I oaimot altogetlier think that the hinarity of this beautiful double-star 
is incoutestibly proven, although the angle for 1782*99 was 227° 12', thus 
indicatmg a retrocession of about 31° in 70 years; the distance remaining 
steadily the same during the while. But in the last 30 years, that is, from 
Horschel and South’s epoch to the present time, the angular motion has 
scarcely exceeded 3° ; which is a smaller amount than what was aJluded to 
in the Oyde (II. page 346). Here we must observe and wait. 

DXLIX. ^ OOEON^ BOEEALIS. 

Position 300°-9 (w 9) Distance 6"-6 (w 9) Epoch 1839-50 
301°-2 { v , 0) 6"-l ( v , 9) 1842-67 

This very beautiful double-star must be classed eis an optical object, my 
HartweU operations proving so satisfactory (Cycle, II. page 347). To be 
sure there is a difference in angle of 6° in about 63 years, from the time when 
Sip William Herschel first registered it ; but all the later measures are coinci- 
dent in affording reason to question whether any change has taken place in 
either position or distance. S' has a slight positive proper motion in space. 

HLI. 7 COEONiE BOEEALIS. 

Position A.B. 225°-0 (« i) Distance 0"-3 (w i) Epoch 1839-69 

round (m 8) round (w 8) 1842-58 

295°-0(«2) ff'-5(wl) 1848-37 

This deUcate and diffi-Ciilt double star, truly one of the vicmissimcB of 
Struve, at my last observation was surely wedged, or egg-shaped, with the 
companion “coming out again,” but both position and distance are rather 
estimated guesses than measures — except in the instance of 1842. 

I mentioned in the Cycle (II. page 348) my conviction that A was then 
much brighter than the sixth magnitude assigned to it in the Palermo Catalogue. 
The latter may probably have been a mere typographical blunder, yet it has been 
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followed in other Catalogues with an injurious effect ; for Lord Wrottesley, 
purposely observing stars down to the fifth magnitude inclusive, omitted 
7 OoronjB, because he found it rated a sixth. Now, since it seemed to me as 
bright as 0, I applied to the Astronomer Royal for his opinion, and in a 
letter from Greenwich, 18th August, ISb'T, he thus expresses himself: — 

On referencje to Littrow’a publication of Piazzi’s originals it appears that the magnitude of 7 
CoronsB (as of other stars) is given only once in the year, although there are several observations. 
This necessarily leaves great opening for error. 

The magnitudes set down are as follows: — 1792 — 6; 1796 — 4; 1809 — 5. In the Cata- 
logue of 1803 it is 4'5, and in that of 1814 — 6. It seems most likely that the 6 was designedly 
omitted in forming the Catalogue of 1803. 

Be this as it may, I must confess that it has generally struck me as 
being of a good fourth degree of brightness ; and there can be no doubt of 
its being a case where error must bo suspected rather than variability. 

DLVIII. 61 LIBRiS seu g SOORPII. 

Position AB 13®'3 («8) Distance I"*! (w5)| 1838’60 

A C 74°-2 (w 8) 7"-2 (w 6) I 

AB 23“-5 (•!«8) l"-2 (w6) 1842*56 

AB 24“'9 (<0 7) P^’O 1846*49 

A C 68'’-l (» 6) 7"-0 {w 4 ) j 

This fine triple-star offers, at present, a complicated scheme, since A and 
B exhibit a direct orbital motion, while A and C are retrograding, as mentioned 
in the Cycle (II. page 363), Before my last operations I placed the mean 
motion of A and B at + 1°*86 ; but Sir John Herschel has concluded that 
by his own measures from 1830 to 1836, he found an angular velocity of + 1°'69. 
Assuming its orbit to be in all probability nearly circular, I had assigned about 
a century for its a/n/ims magnm ; but, though the observations were too barren 
for conclusive elements, there now are such symptoms of elliptical elongation 
that the period thereby becomes extremely uncertain. Captain Jacob, W. S. 
has recently (July 1868) drawn attention to the subject, saying — 

I beg to call tbe attention of astronomers possessing powerful telescopes to the present 
condition of the close pair of the ternary star 61 Librce. The early measures of this pair were con- 
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sidered by Admiral Smyiii (see Cycle, vol. II. p. 362) to indicate a ciroulax orbit; but the sltu’s, 
whicb have latterly been gradually approaching, have within tbc last two years closed up so 
rapidly as to be in the early part of the current year quite beyond the power of my iiistnutumt, tho 
distance being estimated as not exceeding 0"-4, while only a rough guess could b(i^ nuido at tho 
angle under the most favourable circumstances. I have not yet computed an orbit, though tho 
data are, I believe, sufficient for doing so approximately. The apparent orbit must be highly 
elongated, and the period somewhere about fifty-two years. 


DLX. HERCULIS. 

Position 9°‘7 (w 9) Distance 31"-4 (w 9) Epoou 1835-45 
9®‘2 (w 7) 30”‘6 (w 5) 1857‘38 

Though I was satisfied, on comparison of my Bedlbrd measures with thosc‘, 
of Herschel, South, and Struve, that the deductions respecting tho decrc'aso 
in distance derived from Elamsteed’s observations must be in error, I took 
another set after a lapse of twenty-two years ; thus carrying the interval of dis- 
cussion over 164 years. The question I think is now at rest; neither angle 
nor distance have altered beyond probable errors of measurement, and the com- 
parative fixity of the components is therefore established. 

DLXI. V SOOBPII. 

Position A B 338°'5 (w 6) Distance 40"- 0 (w 4) Epocu 1831'60 

AB 336°-8 («r) 4(y'-8 (w5)} 

BC 45-0 (. 2 ) r-6(.l)) 

This neat object was discovered to be triple by Captain Jacob at Poonali, 
m 1847, who saw that B had a companion of the eighth magnitude ; his 
instrument being a 6-foot telescope, charged only with a power of 162. As 
Sir J'ohn Herschel had not seen it with his 20-foot refiector at Eoldhauscn, where 
it was in his sweep 722, the Captam observes ‘‘probably 0 has recently emerged.’* 
In consequence of its southern declination, and the nuisance of the neighbouring 
brick-field, the new comes was difficult to view firmly, or to measure fairly ; it 
was therefore carefully estimated both in angle and distance under the bar 
micrometer. The inconvenience of v’s place was stOl more felt at Lord 
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Wrottesley’s Observatory, it being further to the north, where however it was 
seen plainly double, and treated as below mentioned. 

Regarding A and B, I think we may be satisfied as to their fixity, for by 
some measures recently made for comparison with mine by Mr. Prederiok 
Morton, at the Wrottesley Observatory, we have — 

A and 5±P Position 337“ 40' Distance 41''-055 Epoch 1857 ’39 
2 

Differing very little from the places settled in 1779, by Sir WiDiam Herschel. 
The colours, from lovmess of the star’s place, and perhaps the different powers 
employed, were not easy to define with precision, my impression in 18B1 being 
A yellowish white, B pale lilac ; while Lord Wrottesley’s notation for 1867 was 
A yellow, and B blueish. C is of the non-descript tint called dusky. 

DLXII. 49 SEBPENTIS. 

Position 318“' 1 (w 9) Distance 3"'3 (w 9) Epoch 1839*29 
323“*0 («7) 3"*2 (m8) 1854*68 

Here we find the orbital retrocession between the years 1788 and 1864, 
continues to an amount not widely different to that already given in the Cycle 
(II. page 365); though latterly the velocity appears to have slackened, especially 
when I refer to my own observations only. There is, however, sufficient evidence 
to indicate binarity ; and a period of 600 years is countenanced. 

On darkening the field of view to re-examine the colours of the components 
at the last epoch, a very minute star hove in sight, which I had not noticed 
before : it is near the line formed between B and a distant ninth-magnitude 
one m the north following quadrant, which, small as it is, appears strongly blue. 


DLXiy. 80 M. SOOBPII. 

^ ^ { 1837*36 At Bedford. 

Meait Epochs Observation | 

Those who have taken the trouble to look into the Cycle of Celestial 
Objects (II. page 357), will have observed a wood-cut in which the globular 

2 H 
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cluster called 80 Messier is seen, with its attendant stars in the following part 
of the field. The whole forms the remarkable object already described in this 
volume {see mtei pages 104-6) ; and which I wilL thank the reader just to 
run his eye over again, in order to start fair with the following tabulated data. 
But first look at the illustrative configuration of the cluster, the two variable 
stars B and S and the stars of comparison ; one of the latter, namely f, being 
strongly suspected of a tendency to change — the mean positions of the nebula 
and its companions being reduced to the epoch 1860. 



After having had a convincing proof of the changes which B and S had 
undergone siace I first assigned them a magnitude, I requested Mr. Pogson 
to supply me with whatever particulars he could furnish in the lapsed time 
between my epochs, as he had been some years attending to the phenomena 
of Variable Stars. In a reply, dated 6th July, 1869, he said : — 

I beg leave to submit to your notice the latest and most trustworthy elements of variation of 
your pair of stars, near the nebula 80 Messier, in Scorpio, discovered to be variable by M. Chacomac. 
They are the best I have been able to deduce from a discussion of the scanty data available for 
that purpose. E, the south-foUowing of the pair, was seen as a 12th-magnitude last year, but was 
lost in the twilight soon after, long before its due time of maximum. S, the north-preceding one, 
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on the contrary, which appears to vary more rapidly, was not seen last June, when R was visible; 
and only as a 12th-magnitude at its re-appearance this spring. 

But for your records in 1837 and 1839, the elements would be mere guesses, whereas I now 
attach some weight to them as tolerable jirst approowmatioTis. In using your two dates, however, 
it is well to name that I took ihc liberty of altering your estimations, just as I should my own under 
Himi1n.T circumstances. My comparison star, d, forms the north-following angle of your smaU. acute- 
angled triangle ; and as on each occasion this star occurs in your configurations, I made your esti- 
mation differential instead of absolute, and ola^d the variables ‘ about the 10^/i magnitude same as 
d.' Here are the data : — 


Obbeevations of R SCOEPII collected and reduced. 




CkMirdlnatea of Curve. 

Observed 

HEMABKS. 

DATE, 


Day of 
Contnry. 

Standard 

Hagnitude. 

By 

At 

Power. 

1887, AprU 

30 

18684 

10 

Smyth 

Bedford 

08 

N oted in the oonfignration of 8 0 Messior ; also 
comparison star d and S Scorpii; all as 11 
mags. 

1839, May 

7 

14371 

10 

99 

99 

118 

Noted in the configuration of 80 Moesior; also 
star d and S Scorpii; but all as 8 mage. 

1858, July 

1 

19640 

0 

Ohaoomao 

Paris 

... 

Discovery of variahility. 

99 99 

6 

10646 

9 

91 




1864, May 

19 

10862 

Under 14 

99 

99 

... 

Invisible. 

1866, April 

14 

20192 

9 

19 




„ May 

18 

20226 

11 

1) 

99 


Similar to oomparison star e. 

„ June 

4 

20248 

12 

99 

99 

... 

Inferior to oomparison star e. 

1866, April 

29 

20673 

Under 14 

19 

>9 


Invisible. 

„ Judo 

26 

20680 

Under 14 

99 

99 

... 

99 

1868, Juno 

18 

21863 

12 

Pogson 

Oxford 

96 


9> >9 

80 

21366 

12 

99 

99 



„ July 

17 

21882 

Under 11'6 

99 

99 

... 

Invisible; fine, but near the horizon. 

1869, March 31 

21689 

Under 12‘7 

9* 

Hartwell 

118 ’ 

Invisihle in a fine sky, but low altitude. 

„ April 

4 

21648 

Under 18 

99 

99 

... 

1, »» >9 >9 

„ May 

6 

21676 

Under 12’6 

99 

91 

... 

„ Very fine. 

„ June 

28 

21723 

Under 18 

99 


62 

99 

99 99 

80 

21780 

Under 18 

99 

99 

118 

„ Splendidly fine. 


2 M 2 
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Only five are available for tbiw starj but mnch more aatisfiiotory and tnietworthy than those for S Sooipii. They oxtond 

over twelve periods^ and are as follows : — 


1837 April 30 10 mag. — Smyth. 

1889 May 7 10 „ — Smyth. 

1863 July 4 9 „ — Ohacoimae. 

1866 April 14 9 „ — Chacorjiac. 

1858 June 24 12 „ — Pogaon. 

Treating by least sciuarea we obtain — 

Epoch = 1868 Sep. 8*5 
Period 646*6 days. 

Computing from these elements we have — 

Hsjcbnn. BesldTUd Errors. 

1837 June 22*7 . . . 63*7 

1889 March 30*8 . . 87*7 

1863 May 20*5 ... 44*6 

1866 Feb. 25-2 . . . 47*8 

1868 Sep. 8*6 .. . 76*6 

The sum of the squares being 14422. 


Agreeably to Ohaoornao’s observations in 1866 a change of 
3 magnitudes occupied 61 days, and thereby, reducing each date 
to an assumed average Tnn.vi'miiTn btightuess of 9th magnitude, 
we get— 


1837 May 17 
1839 AprU 20 
1868 July 4 
1866 April 14 
1868 August 20 


Hence 

Erocn 

1869 Oot. 3*7 
Period 
648*14 days. 


Residual errors 32>0 — 22*9 — ^26*7 — 27*0 — 44*7. 


The sum of the squares being only 6020. 
Hence this hypothesis is preferable. 


Erom these discussions — which represent the observations hitherto made 
with very considerable accuracy — ^we are able to arrive at a general conclusion, 
namely, that with far greater certainty than can be yet pronounced for S Scorpii, 
B usually reaches the 9th magnitude at maximum; the greatest observed 
fluctuation amounts only to about one-fifteenth of the period, and the most 
probable elements of variation may be thus assumed: 

Epoch = 1858 October 4. Period = 648 days. 

Such inquiries into the differing periods of brightness, are deeply important 
in connecting the profound results which perseverance has obtained from the 
pursuit of practical Astronomy. 

In the preceding extracts &om Mr. Pogson’s form of entry, the column 
“ Da/y of Oentury ” is a very convenient addition, as it facilitates the formation 
of equations by showing the number of days elapsed between different TnflTn'mfl. 
at sight, without the tedious delay occasioned by coxmting up the unequally 
long months, or the risk of forgetting to make allowance for the bissextiles. 
A table for converting ordinary dates into what may be termed the “ time- 
co-ordinate ” is speedily arranged, and of use in planetary, cometary, and many 
other kinds of computation, besides that for which it is here employed. 
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Now for a similar treatment of tlie other Variable star, S, wMcb is the 
north-preceding of this extraordinary pair — 


Observations or S SCOEPII collected and reduced. 




Co-ordinates of Curve. 

Observed 

REMARKS 

DATE. 


Day of 

Standard 

By 

At 

Power. 



Century. 

Magnitude. 


1837 April 

30 

1SG34 

10 

Smyth 

Bedford 

98 

Noted in the configuration of 80 Messier; 
also R Sooipii and comparison star d as 

11 mags. 





1830 May 

7 

14371 

10 

99 

19 

118 

Ditto; bnt S Scorp., B Soorp., and star d all 
noted 8 mag. 

1853 July 

6 

10646 

Under 12 

Chaoomao 

Paris 

... 

Not seen in obartiDg. 

185i May 

10 

10862 

9'6 

19 

11 


First discovery of variability. 

185G April 

14 

20102 

10-3 

11 

19 

... 

Similar to comparison star c2. 

„ May 

18 

20226 

18 

1} 

11 



„ Juno 

4 

20243 

Under 14 

11 

11 


Completely gone. 

1866 April 

20 

20673 

11*6 

11 

11 



„ Juno 

26 

20630 

Under 14 

11 

11 


Completely gone. 

1868 Juno 

18 

21363 

Under 18 

PogBon 

Oxford 

96 

Invisible. 


80 

21866 

Under 18 

11 

ft 

11 

11 

„ July. 

17 

21882 

Under 11'6 

If 

91 

66 

„ Low, but brilliantly fine. 

1869 MbtoU 81 

21689 

12-2 

99 

Hartwell 

118 

Low altitude, but very fine. 

„ April 

4 

21048 

21676 

12-0 

Under 12'6 

IS 

11 

19 

j> » « ” 

Invisible, thougb very fine. 

„ May 

6 

>1 

11 


„ June 

28 

21728 

Under 18 

91 

* 11 

62 

11 

»» » 

SO 

21780 

Under 18 

91 

11 

118 

„ Splendidly fine. 


No* » iw. ™ !» ^ a, ..iaoa o. 

It™ no. ooBdaorodworatthao a ‘PP'J i. of a. nn»oaa.p<™no,aa=«,«iadi 

p«o«ling ablo , thongh it an, be rtonakod thn. n juda..,. ««ga»»t •' ’•‘S'" 
other ooinbiiifttionB of obBervatlona. 
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The maxima deduoible from all rcoords up to tliis yoor oro six. 


1837 April 80 «— 10 mag. — Smyth. 


1889 May 7 — 10 • — Smyth. 
1864 May 19 — 9‘6 — Chaeomae. 

1866 April 14 — 10*3 — CAacomoc. 

1860 April 29 — 11*6 — Chaeomae. 

1869 April 2 — 12‘1 — Pogson, 


These dates extend o'ver twenty-two praiods, 
aud equating and treating by least squares 
give 

Epoob 1869 April 20*6 
Period 864*6 days. 


Computing from these elements we dodnoe 
for times of maxima 

1887 May 4*6 Residual error G 6 

1839 May 6*6 „ „ 1*6 

1864 April 24-0 „ 25 0 

1866 April 28*5 „ „ 9-6 

1866 April 22‘0 „ „ 7*0 

1869 April 20*6 „ „ 18*6 

The sum of tlio squares of the residual errors 
is 1149. 


In 1866 Ohaoomao found the star to vary 
2*7 magnitudes in 84 days, and assuming 
snob rate of variation and moon brightness at 
maximum 9*6 mag. we may deduce fresh 


times of maxima as follows ; — 


1887 May 7. 
1839 April 80. 
1864 May 19. 
1866 April 4. 
1856 April 4. 
1869 March 2. 


Honoe 

Epoch 

1869 Mnroh 30*6 
Fbiuod 
368*4 days. 


The residual errors on this supposition ore 
3-0— C'8 -40-4— 3*0- 0*4— 28*0 


The sum of the squares of which amounts 
to 2614. 

Hence the first hypothesis is best 


In drawing the conclusions for S from the above promises, the result is 
rather less satisfactory than for H. It appears most likely, but from our very 
scanty data we must tread lightly, that the period is liable to fluctuations, as 
with R, amountmg to one-fifteenth of its whole duration — that the star does 
not attain equal brilliancy at each return, sometimes the 9*5 magnitude, at others 
not more than the 12th — and that the most probable elements are — 

Epoon = 1869 April 21 Period = 364'5 days. 

These conditions must, as yet, be deemed merely approximative ; yet they 
promise that, under the able supervision of Ohacornac and Pogson, the pair wiU 
shortly gain admission into the table of known periodical stars {see ante, page 
106). We shall assuredly soon know more about the apparent irregularities of 
the stellce 'oersatiles, and trammel them with fixed laws: but we are yet to 
ascertain, whether ’their periodic perturbations are owing to BouUiaud’s bodies 
with opaque regions on their surface — to having been flattened like millstones 
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(Cycle, I. page 273), ■with. Maupertuis — to their heitig the effect of total ox partial 
eclipses, as Pigott thought, occasioned hy the mterposition of some obscure orb 
that the variations may he due to Arago’s cosmical clouds under revol’iitionary 
influence — or whether, with Mr. Norman Pogson, they are downright double- 
stars, semi-luminous and non-luminous, in orbitual recurrence of the very same 
phenomena in the same ■times. Nous verrons I 


DLXV. (T OOBONiE BOBEALIS. 


Position A.B. 145°- 1 (wS) 

A.C. 88°*9 (w 9) 

A.B. 155°’9 (« 9) 

A.B. 162°'4 (« 9) 

A.B. l76°-8 {y>7) 

A.C. 90°‘0 (w 7) 


Distance P-6 (» 8) > 

44''-2 (« 6) > 

l"-8 (tv 6) 1843-35 

2"*0 (to 6) 1846*60 


2"-2 (toi) ) 1852-25 

46"'3 (to 6) ' 


All the conditions mentioned in the Oyde (II. pages 357-8) respecting this 
interesting binary and triple-star, are now fully confirmed ; subject however to 
the infirmities of instrumental discordances, and the proper motions of a march 
through space; which last, by the investigation described under ij Gassiopsea, 
was found hy the Bev. Bobert Main to he — 


ia =; — 0"*42 N.P.D. = + 0"-04 


Shortly after the Cycle was published, Mr. PCind sent me his recently 
calculated orbit of <r, by Sir John HersohePs method, in which he increased 
my period of revolution hy 167 years : and these are his general elements — 


Peribelion passage 
Position of perihelion 
The node 

Angle between tt and H 
Inclination 
Ex-centricity 
Semi-axis Major , 

Mean annual motion 
Period of revolution 


= 1826*48 A.D. 

= 88°-25 

= 21°'03 

= 69°*24 

= 25°*39 

= 0-7256 

= 5"-194 

= + 29"*313 

= 737 years. 
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But we are stilL adrift ; for iu the XVth volume of the R. A. S. Monthly 
Notices (pages 90-2), I find a very elaborate orbit by Mr. Eyre B. Powell, of 
Madras, in which all the epochs of observation are grouped. Though submittod 
to the graphic method, the results exhibit a startling difference ; but, as I give 
the reference, it is only necessary here to say that the perihelion passage (t) is 
1829*7 A.B., and the period 240 years. Captain Jacob, in the same volume of 
the Monthly Notices, gives 1831*17 for t, and 196-12 years for P. This Is 
certainly more yawing than might have been looked for; insomuch that my 
rough period— however unsatisfactory — may e’en stand a httle longer. 

DLXXIV. aSOOBPII. 

Position A.B. 129° 5 (« i) Eipperence M = 33«-l (w i) Epoch 1837-35 
A a 270°*0 (w 1 ) Distance 3''-5 c«» i) 1857*40 

Haviag heard that Professor O. M. Mitchell, Director of tho Cincinnati 
Observatory, had discovered that Antares was close double, with his splendid 
refractor of 12 inches aperture, I was rather distrustful of its eligibility for our 
latitudes; especially as tlie comes was represented to bo romai-kahly minute. 
But what is found with a large telescope may be seen with a smallor, as Sir 
William Herschel taught ; and very soon after the news arrived from America, 
Mr. Dawes succeeded in obtaining five nights’ observations of its position, and 
four of its distance ; with a mean to this effect — 

Position 273°-17 Distance 3"'467 Epoch 1848’02 
Owing to accident, or circumstances over which I had no control, I did not 
obtain a firm ghmpse of the stranger till the end of May 1867 ; and even then 
the red a was boilmg, twitching, collapsing, and dilating among all sorts of 
variable refractions and the fumes of the neighbouring brickfield. Still the little 
emerald was seen of about the 8th magnitude ; but, as it broke down under very 
high powers, its place was estimated with a bar-micrometer. Having informed 
Lord Wrottesley of my success, his lordship attacked the object at its following 
apparition, with these results, which are a mean of four nights — 

Position 275°48' Distance 3"-296 Epoch 1858*346 
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In this exploit the telescopes were of 6 t 5 -, 64 - and 7-1- inches in aperture ; and 
the magnifying powers used were between 228 and 460. Now were Antares just 
as many degrees north of the Ecliptic as he is to the south of it, so as to he clear of 
liis variable and vorticose dancing in the worst part of this latitude’s atmosphere, 
the oomes would not be a difficult object : but certainly here the opportunities 
for good measures must be very rare. My son, Charles Piazzi Smyth, in the 
Itoport of his “Astronomical Experiment” in 1866, dwells on the astonishing 
visibility of the companion of Antares from the Peak of Teneriffe (see the 
Philosophical Transactions for 1868, p. 483). Is the stranger variable ? 

ELXXVI. EEACONIS. 

Position A.B. 31-0 (®i) Distance 190"-0(w1) Epoch 1833*62 
A.a. 146“’0 («»2) 5"*0(«1) 1857*44 

After my measures of the distant companion to ij, the Pulkowa tele- 
scope picked up a minute comes to A, as related in the Cycle (II. page 366). 
On reconnoitring this object in 1867s though difidcult, I found it not extremely 
so ; and, unless the stranger is variable, am rather surprised that it was not 
caught up before, at Eorpat or elsewhere. Mr. Dawes has kindly handed 
mo those results, obtained by him at Cainden Dodge, in Kent 

Position 142'’42' Distance 4"*71 Epoch 1847-41 
DLXXYII. X OPHIIJCHI. 

Position 35 6“-5 (w 6) Distance T-O (» 2) Epoch 1839-67 

10.4 («, 8) F'l (w 8) 1842-50 

15°-5 (w 6) — 1"'2 (w 2) 1853-26 

This heautifal hut close and difficult hinaiy system continues its orbital 

direct motion, and proves the necessity of adding 180” to Sir William 
Herschel’s angle of 1783, he having quadranted it wrongly (Cycle, II. page 
866 ). I considered, on a graphic projection, that the amms magnm might 
he between 80 and 90 years , but Mr. Hind’s more recent computations have 

2 N 
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extended that period to 96 '88 years. As to the proper motions, in addition to 
what is advanced at page 366 of the Cycle, I can only add that by Mr. Main’s 
rigid comparison there appeared to he no spacial movement in hut in 
north polar distance he found it = + 0"*06. The neat blue telescopic star 
in the south-following quadrant, struck me, more than once, as not heiug round. 

DLXXXIV. ^ HEBOULIS. 

Position 169°*0 i ) Distance 1"-2 (w i) Epoch 1838-65 

136‘’-9 (w 6) l''-2 (w 2 ) 1842-57 

108°-5 {v> 8 ) l"-0 (w 2 ) 1848-39 

83°-8 (w 4) l"-3 (w 2) 1852-53 

Eor the early particulars of this remarkable hinary system, see the Cycle 
(II. pages 369 — 370) ; and the singular fact must be added, that the comes 
has been constantly held in view of late years ; a circumstance as yet but 
little to be accounted for. Erom the measures by Struve, Dawes, and myself, 
registered in that volume, I made a rough orbit, which discountenanced the 
rapid race that Struve allotted, yet still gave it a shorter annm magims than 
that of any other known double star — having an ex-centricity of 0’4186, 
and a period of about 36 years, as stated. These conditions, considering the 
nature and degree of the affair, were, I thought, endurable until some more 
authentic data should accrue. 

A few years afterwards a set of orbital elements, computed by M. Yvon 
Villaroeau, on a plan peculiarly his own, appeared in the Astronomische 
Nachrichten, No. 668, in which the ex-centricity comes out 0*4482 and the 
period 36*367 years.* Professor Madler’s second orbit yields 0*4646 for ex- 
centricity, and 31*468 years for period ; while Mr. Isaac Pletcher, by a process 
similar to that which I adopted (see 'gost^ Story of 7 Yirgiois) obtained 0*4381 
for the former element, and 37*21 years for the latter. Now, as the mean of 
these great years =36*011, I may very well remain satisfied with my result 


• Surely the angle for 1840-66, namely 169°-92, must be a misprint in the Nachrichten. 
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for tho present. Some very recent measures have been Idndly handed to 
mo by — 


Lord Wrottesley, Position 60°-18 Distance 1"-6 Epoch 1857-46 
Isaac Fletcher^ 59°-24 l''*4 1857-48 


To the proper motions of K given in my description, I must now add the 

values produced by the searching investigations since instituted ; they are 

iR = — 0"-51 Declination = +0"‘45. — By Main, 

— 0°‘48 ' +0"*41. — By Mddler. 


DLXXXVI. -q HEECULIS. 

Posit [ON AB round (« q) Distance round (w 9) i 

AO 265-0 C« 2) — 1«'"0 (.1) 

AB 150“*0 (m 1) 0"-3 (W 1) 1842-53 

AB round (w 6) round (w 5) 1852-47 

This first-class specimen of Struve’s mcinisswfKB was gazed at in 1842 
till an impression arose that it was slightly elongated but un-notchable, and 
therefore under half a second in distance ; but the weights assigned show that 
the idea was vague, and the conclusions worth next to nothing. Nor could 
I oven confirm those conclusions on returning to the charge ten years after- 
wards; on tho contrary, after teazing the object under various powers, and 
raising spurious discs without any effect, I was obliged to' give it up. 

DXOI. 19 OPHITJOHI. 

Position 92'’-9 { v > 6) Distance 2r'-8 (w 2) Epoch 1834-36. 

92°'2 (w 7) 2r-6 (w 4) 1867-54. 

This pair, though rather wide, forms a diEdcult object ; yet, aU the measures 
being admirably accordant mter ae, and very satisfactory to tbe senses at 
tbe times of observation, I have great confidence in the resnlts. Indeed, on 
a consideration of the yaws to which measurements hy different persons are 
liable; tho position and distance are aU but identical with those of Sir 'Vrilliam 

Hersohd in 1783 (Oyde, II. page 374). B. was bright for a 10th, m 1867. 

2 N 2 
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DOII. ffc DRAOONIS. 

Position 200°’3 (w s) Distance 3"'3 (w 6) Epoch 1839'63 

191°*6 (ifl6) 3"'0 (w2) 1847*51 

190“*7 (®6) 3"-0 (w3) 1854*68 

Since the registry of this neat object in the Oyde (II. 380), the 

retrograde orbital motion is proved, and its claim to binarity established. The 
distance under all circumstances appears to have slowly diminished in the 
*73 years sine’e Sir William Herschel measured it ; but I have as yet nothing 
to add to what I already surmised, in respect to its probable mmus magnm. 
The proper motions have been again investigated by Mr. Main, entirely from 
meridional observations made at Greenwich, with these resultant valnos — 

M = — 08-011 N.P.D. = — 0"*06 

DOIY. 86 OPHIirOHI. 

Position 219°*5 (ws) Distance 6"*3(w 6) Epoch 1839*28 

216‘’*6 («8) 4"*9 (®8) 1842*46 

213<’*8 (wS) 4"*6 (tt;4) 1867*.39 

Contiguity, brightness, •great southern declination, and variable refrac- 

tions, have combined to render the measures of this star loss satisfactory than 
they ought to have been ; but on the whole I think the sentence pronounced 
(Oyde, II. page 381) of a retrograde change of angle is coruB-rmod, though 
my last epoch differs so httle from the Astronomer Hoyal’s casting vote of 
1843. Somewhat disappointed, I wrote to my good friend Lord Wrottesley 
for its places in the following year, and in due time received those results — 
Position 213°16' Distance 4"’446 Epoch 1858*420 

A few years, however, will set all these discordances to rights; but the 
principal interest of 36 Ophiuchi is its evident connection with 30 Scorpii, 
and the curious backward march of the pair. This is no hypothesis, but a 
well established fact, fully verified by official observation and reduction. In the 
Cycle (II. page 382), I gave the right ascensions and declinations of those two 
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stars as detenniaed by meridian operations, with good instruments, by the 


several authorities cited by Bessel, 

and my 

own. 

These it may be eligible to 

cite agam, with the residts since obtained by the Astronomer-Eioyal : 

Aa 

Flamsteed . 

. 1690 

+ 13' 

32"-4 

+ 2' 

56"-0 

Bradley . . 

, 1755 

. • 

- • 

+ 3' 

02"*7 

Mater . . . 

. 1766 

+ 13' 

13"'l 

• 

. . 

PlAZZI . . . 

. 1800 

+ 13' 

07"-0 

+ 3' 

04"* 2 

Smyth . . . 

, . 1831 

+ 13' 

ll"-4 

+ 3' 

03"-63 


. 1839 

+ 13' 

10"-6 

+ 3' 

04"-41 

Airy . . . 

. . 1868 

+ 13' 

09"-0 

+ 3' 

08"-47 


I deduced the last values from a set of beautiful observations, obUgii^ly 
made at my request with the new Meridian Circle at Greenwich, of which the 
following is an exact copy; but in the above statement, I combined both 

components for the benefit of ready comparison- 

Eesultaoftho Obbebvations in ^ and N.P.D. of tho Stabs A> OruinoHi, A* OpmuoHi, and 

30 SOOEFU, mode at the Eotaa Obsbbvatobt, Gbeknwioh, m the yoai 1858. 


Eight Ascensions. 


1858. 

A‘ OPHIUOHI. 

Maioh 6. 11 ^ 6“ 378-08 

May 18. 378-06 

„ 19. 378-10 

„ 26. 37'>-13 

June 17. 378-14 


A* OPHIUOHI. 

171» 6"“ 378-33 
378-36 
378-32 
37«-40 
378-47 


Means 17h O'" 378-10 I7li 6™ 37»-37 


80 SOORPn. 
17h >jm 298-96 
298-76 

29"-81 

298-81 

17h 7 m 298-83 


North Polar Distances. 

Marl* *6. 118° 23' 25"'39 110° 23' 20"'83 

18. 25"-79 19"-83 

I’ 25. 24"-76 

jle 17. 24"-57 

Means 116° 23' 25"- 13 116° 23' 2(y'-16 


116° 20^ 14"-08 
14"-85 
13"-83 
13"-91 

116° 20' 14"-17 


a. B. AIET. 
1858, June 26. 


AOmiral W. H. Smytb. 



278 


SPBOratTM HAETWBIjIiIAlfTIlI. 


By some recent elaborate investigations, we are enabled to corroborate the 
values for proper motion given in the Oyclo of Celestial Objects from Pia/jzi, 
Baily, and myself, for 36 OpbiucM, thus: — 

In — 0"*55 In Declination — 

0"'54 — 1"'133. — Kddkr , 

and for what must be designated th.e companion star, 30 Scorpii — 

In iR — .... In Declination — I "-] 6. — Maiti . 

( y '-66 

It is a very severe trial of meridian observations of contiguous stars in right 
ascension and north polar distances to convert the dilTcrencciS into angh^ of 
position and distance : yet under such treatment the Greenwich results yicjld — 

Position 216°08 Distance 6"- 156 Erocii 1868*4() 

BOY. a HEEOULIS. 

Position 118°*9(to0) Distance 4"'8 (w 7) Eroca 1838*71 

118°-7 (w9) 4"*6 (wO) . 1842*57 

119°*4(«7) 4"*8(«;6^ 1857*63 

When the Cycle was published, I was so satisfied of the fixity of this 
beautiful object — one of the very puloherrmcD of the heavens —that, tliough 
I might gaze, I should not have thought of rc-measuring it, but for having 
been aroused by a statement in No. 1103 of the Astronomisclu^ Nachriclitcn. 
In that number Professor E. Luther pubhshes the measures of throe epochs, 
made with the far-famed heliometer at Eonigsberg, according to the method 
adopted by Bessel, and taken under decidedly favourable atmospheric circum- 
stances ; and they run thus : — 

Position 123°*53 Distance 4".99 Epoch 1864*61 

123°*82 6"*40 - . 1854*67 

123°*18 5"*14 1855*31 

shewing such a rapid increase in orbit as to call the fullest attention. My 
last measures, however, restore my confidence in the filxity of this star, though 
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a lughly coloursd on© ; and I can only impute tlie difference between mine 
and M. Luther’s to some iustrumental weakness of a temporary nature, since 
he followed Bessel’s rules as laid down in the first volume of the Astrono- 
Tnifl nhftTi TJntersuchungen. ’Tis a knotty point; but no scandal must be 

directed against THE Hehometer for stellar measures, however injudiciously 
it is designated — where stars and not the sun are scrutinized. 

The variability of this star, discovered by Sir William Herschel in 1796, 
has been confirmed ; and Argelander’s elements of its phenomena will be found 
in the table of periodical stars {ante, pa^e 106). The maximum, minimum, and 
period do not differ greatly from those in the Cycle (II. page 384). 

DCXIII. p HEBOULIS. 

Position 308°-9 (w 9) Distance (w9) Epoch 1839-74 

309°-l(tt7) 3''*8(w6) 1847*61 

310°*5(w7) S "' 5 ( wi ) 1853*39 

Although I had pronounced upon the fixity of this object (Cycle, II. page 
390), various conflicting opinions led me to re-examinations ; and the result is, 
that my opinion is so far shaken, that a slow orbital change may possibly be 
shown by future measures. Indeed all the recent conclusions agree so closely 
on the whole, that little doubt can be entertained of a gradual motion in 
angle. It is a very fine pair, and has been known to be double about 80 years. 

DCXXII. 200 P. XVII. HEBCIJLIS. 

Position 9‘'-5 (w 8) Distance 16''-3 (w 6) Epoch 1830*71 
(w 6) 16".0 (w 5 ) 1867*66 

Having left this neat double star with a doubt upon it, I returned to the 
charge after a lapse of 27 years, and may now very safely pronounce upon its 
fixity as an optical object; but stiU it is liable to movements of another descrip- 
tion in space, for no celestial body is absolutely merrmte. It is therefore now 
clear, that the indefatigable Sir WiUiam Herschel, in 1783, actually feU into' 
an error of quadrant, as surmised in the Cycle of Celestial Objects (II. page 396). 
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DOXXIV. fjt HEEOTJLIS. 

Position 241°-8 (w. 9) Distance 30"*1 (w. fi) Epoch 1837*67 
242°*9 ( w , * f ) 30"'8 (w. 5) 1867-73 

•A careful comparison of all the measures of Herciilis, of which a resvmS 
is given in the Cycle (II. page 397), had convinced me so sufficiently of its 
fixity, that it would not have been brought forward again, hut that in 1856 Mr. 
Alvan Clark, the celebrated American optician, detected B to he close double, 
with a telescope of his own making, of 7|: inches aperture. This induced me 
to take another hatch of measures, but all my endeavours to pry into the 
duplicity of B— itself so small — were re mfecta. This I do not altogether 
impute to telescopic inability, although the instrument may really not be com- 
petent to deal with it ; but I experienced the baleful influence of that Ilartwell 
astronomical nuisance — the Docke Brickfield. At the same time that I was 
so fruitlessly gazing, my friend Dawes plainly saw it double with his 8-inch 
object-glass, when the stellar discs were pretty well clued up; it was not 
excessively close, hut about l"‘f ±, On the 22nd of June, 1857, he obtained 
a set of ten measures in position, with powers from 312 to 697— the latter 
preferred ; with which he got also four measures of distance, under slight illu- 
mination— but,” he adds, “ they were little more than random shots.” 

The distant telescopic star which follows ft nearly on the parallel, is an 
excellent object to trim the focus by, for scrutinizing around B ; as it is removed 
from the glare and straggling rays of A. 

DCXXX. T OPHITJOHI. 

Position AB 214‘’*0 («. 2) Distance 0"-6 Epoch 1838*58 

A C 115°*0 (to, 3 ) 82''-7 (to. 2) 1 

A B 227°-0 (to. 5 ) 0''*9 («>. i) 1842-52 

A B 238°*8 (to. 6) 1"*1 (w. 1) 1866-34 

This, one of the closest of double stars in 1783, and viemissima of Struve, 
is obeying its laws as a binary system, and gradually opening its distance 
under an increase of angular velocity ; insomuch, that, though it is not very 
steady under definition, it is comparatively easy of measurement of late. Still, 


I 
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tho delta liitlicrto obtaiiiGd ar© ratber too shaky for the constmctioii of an . 
orbit ; but a very rough approximatioii seems to afford pretty fair evidence for 
a period of or about 130 years. It demands strict attention. 

DOXXXI. 96 HEEOITLIS. 

Position 261‘’-8 («. 9) Distance 6"-1 (w. 9) Epoch 1833*78 
260°*5 ( w . 7) 5"-6 (w. 6) 1857-63 

1 was well satisfied of the fixity of this optical pair, on a review of the 
measures from 1780 (Cycle, II. page 403) ; but the remarks on the tints of 
the components, as seen by my son from the Peak of Teneriffe in 1866, again 
brought it before me, and a new set of positions were taken, which fully confirm 
tliat conclusion. A very singular anomaly respecting the colours of this couple 
will bo given in the next chapter of this work ; we have therefore here only 
to subjoin tho corresponding places, which were specially taken at my request — 

J’oarnoN 26r-19 Distance 6"-145 Epoch 1857-42. — I . Fletcher. 

260‘’-18 6"-093 1857-45.— ioT-d Wrottesley. 

DOXXXIII. 70 OPHIUOHI. 

Position 126°-5(w.8) Distance 6"-25(m. e) Epoch 1838-51 

122°-4 (ic. 9J 6"'64: (to. 6 ) 1842-55 

119'’-7(w. 6) 6"-80(w.6) 1847*48 

114®-9(m. 8) 6"-50(«>. 6) 1852-44 

A full, true, and particular account of this remarkable binary system 
appoais in tlio Oyde (II. pages 404 to 409) : I have therefore little to add 
hut that tho march and induenoes therein stated ate corroborated by each 
successive sot of measures. I stated that round numhers assigned about 80 
years for its mmu, magnm ; and, though the doctors certainly differ in thdr 
elaborate invostigations, the results prove that all are shaping a proper course. 
At present, besides my own estimate, we have— 

T = 1806*88 AD P = 73*76 years.— 

T = 1807*06 AD P = 80-34 yosx^.—Eerschel 

2 O 
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T = 1806-82 AD P = 97*93 Powell. 

T = 1808*12 AD P = 93-10 years. — Jacob.* 

T = 1806-75 AD P = 80-61 jesas.—MOdler. 

T = 1807*48 AD P = 88*48 years. — Hirid. 

There are symptoms of the distance decreasing ; hut I don’t place un])licit 
reliance on my own measures in that respect, though they arc entitled to 
good weight. A diminution of distance with an angular increas(J, however 
slight, accords weU with the binarity of the object. At present, however, somo 
of the points and even the form of the orbit are little more tlian coiijoctural, 
and we must wait a little longer before we can look upon the results as 
relatively absolute; but in the mean time here are some good obsorviitiouK, 
with which I have been favoured since my last epoch was taken— 

Position 113'’‘71 Distance 6"*339 Epoch 1854*73.— 

112°-26 6"-363 1851 A*2.—FletQlter. 

By the last German mail which reached our shores, number 15310 ol* 
the Astronomische Nachrichten has arrived from Hamburgh ; by wliich 1 lind 
that another of the barriers supposed to guard sidereal distances, has bt^eii 
successfully assaulted with the Bonn Heliometer. The attack was made- on 70 
Ophiuchi by Argelander’s pupil, assistant, and friend — Dr. A. ICi^uger-'-iiiul 
repeated till the following quantities were wrung from Urania : — 

Parallax . . . . . + (^^*169 ± (y'*0103. 

Mass of the primary . . . 2"*74 that of our Sun. 

Major Axis .... 29"*34. 

Distance 1220000, or 19^ years of light-time passagit, 

DOXXXYI. 100 HEE-OULIS. 

Position 2°-8 (w. 9) Distance 14"*1 (w. 9) Epo(3ii 1836*52 

l°-6 (w. 8) 14"*0 (w. 6) 1850-54 

2‘’*5 (w. 9) 13"-7 (w. 6) 1857*69 

From the first two sets of measures which I obtained of this neat object, 

• The singular movements of this star have given Oaptsun Jacob no small amount of inquietude ; and, aftor 
close discussion of all the data, he suspects disturbance from a third invisible companion. 
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as compared with those of the two Herschels, South, and Struye, (Cycle, II. 
page 411), as well as by conversions from Piazzi, I was satisfied respecting 
the optical nature of the components, notwdthstanding the discordances made 
thorn appear to be hacking and filling. Being curious, however, some time 
afterwards, to see how they turned out for 1850, under scrupulous corrections 
for precession, secular variation, and proper motion, I took down the British 
Asssociation Catalogue, converted its right ascensions and polar distances into 
angles of position and distances from each other, and was somewhat startled at 
the Prankenstein which I thus produced, namely — 

Position 119“46'*5 Distance 7"-45 Epoch 1850 

This was a sad result from such a work, but one which it is necessary to 
prove wrong ; whereupon I not only measured it again as above, but in order 
to obtain fuU evidence communicated the alarm to my friends Johnson, 
Dawes, and Plotcher. And hero are their several replies — 

Position 3“*49' Distance 14"'2 Epoch 1856-50. Oxford reduoiiom of M 
* and N. P. D. 

40. 15' 13"-956 1857*52. FletcMr, wire rnwrometer, 

2°' 53' 14"*038 I 1857-58 Dau^es, wire micrometer. 

I”- OO' 13"-465 ' Dawee^ double -image. 

There is a minute star, say of the 13th magnitude, in the sf quadrant, 
at an angle of about 120" and a distance of *70" or 80", and another of the 11th 
still further off in the nf region, of a greyish tinge. The whole is lively, and 
forms a neat field under a moderate power. 

DCXXXVII. 73 OPHIUCHI. 

Position 259°-9(«>9) Distance 1"-5 (w 6 ) Epoch 1838*74 
255°-5 (w 9) l"-4 (w 0) 1842-39 

A resvmi of my observations since 1834, when I first measured it at 
Bedford, would yield an inference that a slow retrograde change of angle is 
taking place with this fine object; but in so close a pair, and so liable to a teasing 
inflection of light, we must e’en wait awhile. Xet there can be no doubt of 

2 o 2 
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its temg now different from what it was when Sir William Horsohol doscrihcd 
it in 1783, the year of its discovery (Oyde, 11. page 411). Since my last 
epoch was noted, Mr. iletcher obtained the following places— 

Position 256°*17 Distance P'*5 Epoch 1851-37 

DCXLIX. 69 SEUPENTIS. 

Position 314°-7 (« 6) Distance 4"-4 (« 6) Epoch 1835*49 
314°'2(a'9) 3"*9(tt>9) 1842*53 

The high weights attached to the last epoch enable me to decider upon 
the fixity of this neat pair of stars^ and I haye nothing to add in that ros])cct 
to my former statement (Cycle, II. page 420) relative to the opticality ol tlio 
components. As the colours have been questioned, I took an opportunity 
of re-examining th pim in a dark fi.eld on the 17th of September, 1848, vvh(‘n 
my record of A yellow and B blue was confirmed. A wide pair of stars 
follows our 69, nearly on the parallel, and at about 26 seconds^ distance. 

DOLV. a LTEiE. 

Position 137°’9(w8) Distance 42''*7 (wi) Epoch 1H37'51 
140°*3 (« 0) 43"-4 (V, 9) 1843*34 

The second epoch of this magnMcent insulated star, though v(^ry d(,'airahlo 
and trustworthy, was taken under one of those provoking annoy anc(‘H with 
which the temper is occasionally rufided. While I was in South Wahjs, Dr. 
Lee wrote to inform me that a friend of his had discovered a most niinutt*, 
star between A and B, with the HartweU telescope. Considering that this 
object had been long and repeatedly under the gaze and powerful nutans of 
the Herschels, the Struves, and other sound authorities, besides not having 
confi.dence in the practical ability of the would-be discoverer, I at onc(i 
expressed my disbelief— adding that it must only have arisen from the Hitting 
of light called a ghost : and such it proved to have been. Ofidcious meddling 
is, however, a very serious evil to those who are occupied, for even the proving 
of a negative may occasion a serious loss of valuable time; and Mr. Lassoll 
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was neodlossly taxed on tMs occasion, because he was possessed of a powerful 
instrument, and is of an obliging disposition. Jdj. lilaclear will weU remember 
the fruitless hours we expended in 1830, on a flimsy report by a person of 
this description; who, after having misled us, confessed that what he had 
taken for a new comet, turned out to be the noted nebula in Andromeda. 
Sir John Herschel was also victimized in this instance, and I am sorry to 
say, in consequence of a letter which I wrote to him. 

When that intelligent astronomer, Mr. Q-. P. Bond, gratified me with 
a visit here in the autumn of 1861, he was enthusiastic in his anticipations 
of the power of photography; even to prognosticating that it would effect a 
now ora in astronomy. Under this conviction he has sedulously continued 
bis experiments, and achieved the wonderful stellar exploit already recorded 
in these pages, under ? Ursse Majoris {mte, page 249). Striding from step 
to stop he arrived at the conclusion, in 1858, that it is possible to distinguish 
stars by their chemical action : and he cites the curious fact that this star 
Wega, and Arcturus, though of nearly the same magnitude as seen by a 
telescope, or to unassisted vision, yet under photographic influence the former 
surpasses the latter by seven times. It is at once an object of obvious 
briUiuncy and telescopic interest, and a gemmeous Vucida to a remarkably 
neat constellation: yet Wollaston allowed it only ^ the light of Sirius 1 

UOLXI. e LTB^. 

Position AB 21°*9 (w s) Distance 3"-3 (® 6) i gpoon 1839-78 

CD 152'’-8 7) 2"-5 (w 5) > 

AB 20'’-6(w6) 3''-2(«.6)^ 1842-59 

CD ISO' ^ («; 8) 2''-6 (w 5) ^ 

AB 19'’-7(«>4) 3"-0(«'4)i 

CD 148°-1 2"-5 («,4) > 

The same conditions appear still to actuate all the components of this flne 
quadruple object, as those which I described in the Cycle (II. pages 428-9) ; 
and ♦the retrocession of both pairs is abundantly confirmed. Tears must pass 
boforo the relationship between c 4 and 6 can be demonatratiTely established; 
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but that they are under a common movement I entertain no doubt. It haw 
been said that, by the researches of Argelander, they conld not have a common 
proper motion in right ascension. Now I ask the “ gentle reader to conipau. 
those which I have already cited (II. page 429), with these which I iu)W 
add from the Bev. Mr. Main’s investigations (see ante, 7, OasHiopew'*, png(‘ 
218) ; and assuredly, on recoUecting how such delicate quantities arc obiaiiu‘(l 
from meridional operations, he will not be far wrong in pionouncing 
there is scarcely any appreciable difference between the ascertained vahi(\s 

for the two beautiful systems as yet — 


LTB^, 4. 

M 4 . 0"*03 Deo. + 0"-07 

— + 0"-01 + 0^-07 

0 " 03 H 0"*04 

— + 0"*01 + 0"-06 


^ LTBiB, 6. 

M + 0"*03 Deo. + 0"‘08—BaU^. 

1 - 0"‘22 1 - 0"‘09 — Argdander. 

0"*03 + 0"‘09— J/am. 

h 0"'02 1 - 0"*08 — Mddler. 


DOO. ^ GYGNI. 

Position 65°'6(w9) DrsTANCE 34"*4(w9) Epoch 1837*58 
560*2 (w 8 ) 34".l 1854*67 

The relative constancy of A and B, both in angle and distance, from the 
year 1765, as stated in the Cycle (II., page 460), is hero still further conflrrrKul ; 
but the proper motions which were formerly assigned to the leader, ai*(^ fast 
disappearing under successive meridional observations. Mr, Baily had 
decreased Piazzi’s amount sensibly, and now Mr. Main’s mvostigaiion gives 
no change in decimation for A, and only 0®*002 in 

My notation of the brightness of these beautiful stars — A B and B 7 — 
is taken from Piazzi, whose right ascensions and declinations of tlunn reducto 
so well on my table in the Cycle. But in 1861 Lieut. Gihiss, of thci United 
States Navy, wrote to me from GhiM, that he “ was sure ” B was of th(i fth 
magnitude : and certainly on the next examination which I made, by my 
method of appreciation, assuming A as of the third degree of brightness, B 
might be raised to the 6th. Is it variable ? There are several telescopic /itars 
in the field of view with power 240, and one part noay be said to ho stippled 


OBJECTS RE-EXAMINED. 


287 


with star-dust, which, however, in no way interferes with the colours of the 
pair before us, as recorded iu the Cycle, namely, A topaz-yellow and B sapphire- 
blue. Since then the tints have been pronounced to be 

A Golden yellow. B Greenisli bine. By Lord Wrottesley. 

A Crocus yellow. B Greenish blue. By Mr, Dawes. 

A Orange yellow. B Greenish. By Mrs. Sinyth. 

A Rich yellow. Brilliant blue. By Mr, Fletcher. 

A Pale ycUow. B Blue. By Professor C. P. Smyth. 

These differences are more apparent than real, and will mostly disappeai* 
before an organized system of observing, and a general chromatic scale. The 
latest measures handed to me rivet the fixity of the components — though so 
finely coloured— more strongly ; they are as follows : — 

Position 55°-41' Distance 34"-370 Epoch 1857-42. — Mr. Fletcher. 

55°*26' 34"-557 1857-47 . — Lord Wrottesley. 

DOCXIY, S CTGNI. 

Position 3(P-9 (w. fi) Distance 1"*5 (w. 2) Epoch 1837-78 


25°-6 (w. 8 ) l "-8 («.. 8 ) r- 1842-56 

140.7 (, 0 . 0) 1"*6 (u;..2) 1852*69 


The binarity of this beautiful but delicate and difficult object is now lully 
estabUshod, though the notion of its having undergone occultation and passed 
its apastron between 1783 and 1826 is abandoned (Cycle, II. pages 4 j 56-7). 
The inflections of light and effects of the largo star’s glare render the measure- 
ment of B by no means an easy task ; added to which, some observers 
consider the comes to be variable. Hence the conflictiug results which beset 
the orbit-framer ; nothing daunted, however, by contrarieties, Mr. Hind has 
computed two orbits which satisfy the observations very well, and which 
nearly agree, except iu the node and inclination. The period of revolution 
appears to be about 180 years, and the excentricity 0-607, so that, though the 
elements are only approximate, they give a general idea of the orbit’s form. 

In a letter which I received from Mr. Dawes, dated 17th September, 
1867, he says, “ Last night was indeed superb. Among other objects I looked 
at S Cygui, and saw it weU ; but, noticing some dehcate little stars following 
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it to the north, I observed something remarkahle ahont one of tliom, and, 
after some scrutiny, it turned out to be a dose double-star, the smalhu- of 
which is about my rnM/nmm msibile. Pray look at it to-night. 1 bis au 
nouncement, worded so like one of my own (Cycle, II. page 305), called my 
attention, and I soon found the new object among the minute followers, or points 
of light, in the nf quadrant; but, after severe gadng and coaxing under 
various powers, I could not divide nor even wedge it. 

DCGXVIII. ^ SAGITT.^. 

Position 3 12'’- 3 (w. 9) Distance 8"'6 («. 9) Eroon 1838*67 
312®-0 (to. 9) 8"*4 (to. 0) 1852*71 

Tlie optical relationsliip of this neat pair must now bo considered to 
established beyond all reasonable doubt, although the early measures loi n(\ii ly 
fifty years indicated the contrary. I was indeed so satisfied with the place's 
of my two first epochs, that I then pronounced a positive decision (Cycles 1 1 . 
page 4.69) as to the object’s fixity ; and, with the further evidence hoXovi) us, 
we cannot but infer that the anomalous discordances of angle are owing to 
errors in the observations themselves. The distances arc as accordfint as csiin 
he expected, with different means used at different times by different ohservers. 

DCOXX. a AQDIL^. 

Position 323°*1 (w. 8) Distance 162"*6 (w. 5) Eroon 1834*81 
My opinions upon this standard star remain as I have expressed them in 
the Cycle (II. page 261), and years must yet elapse before they can he con- 
firmed or contradicted. But, in the mean time, a minute companion has 
been found at about 6" or 7" following A, for which I have several tinies 
searched, but in vain, though minute telescopic stars — and glimpses of light — 
precede and follow in the northern division of the field, under a power of 240. 
Charges of variability have been repeatedly made against Altair, but without 
sufficient evidence to convict; and indeed those who form nakod-cyc opinions 
without strict comparison, ought ever to remember the moon’s ago, the tem- 
perature, and the general state of the sky, at the time of gazing. 
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^ = + 0".51 Declinatton = + 0"*38, — Piazzi. 

+ 0"-59 + 

+ 0"’56 + 0"*39. — Argelander. 

+ 0"*54 + 0"-38. — Main. 

+ 0"-56 + (y''37.—Mddl&r. 

DCOXXVII. 6 DBAOONIS. 

Position 354°-6 (w. 8) Distance 3"-1 («>. 6) Epoch 1833-68 
356°-3 { V ,. 6) 3"-0 (w. 4) 1846-77 

Though, there seems to he an increase of angle in the two epochs, I am 
inclined to consider it rather apparent than real, and to retain my opinion 
of the object’s fixity (Cycle, II. page 466). To the value of the proper 
motions there given by Padre Piazzi and Mr. Baily, the final results of the 
Rev. Mr. Main’s close researches may be added — 

.51 = + 0"-23 Declination = -■ 0"-01 

€ Draoonis, it will he recollected, wa^ one of the stars selected by Lord 
Wrottesley for his late investigation of parallax, and that it was omitted in 
the general summation because it exhibited differences leas than its probable 
errors. This was a great attempt on the part of his Lordship, but science 
solicits redoubled efforts on the part of amateurs before the question he entered 
upon can be settled. Perhaps all double stars of short period should be 
observed throughout the year at or near the equator ; at St. Helena, for instance, 
where some always visible might be selected in order to see how the equation 
of the angle of position would be affected by the parallax. 

DOOXXIX. 21 M. YTJLPEOULA). 

C 1834-62. At Bedford. 

Mean epochs of obseevation { 

Since the sketch of this wondrous nebula — which by the way does not 
well represent the drawing which was handed to the artist— appeared in the 
Cycle (II. page 466), an astonishing march has been made in space-pene- 
tration by telescopes, so as to render us still further eye-witnesses of the 

2 p 
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unspeakable glories of tbe heavens. Some of the nebulas bad resisted all Ibe 
instruments and magnifying powers wbicli could be brought to bcai up 
them, so that it could not be decided whether they wore optically or 
physically— apparently or really— nebulous, till the Earl of Bosses led thcj 
advance. Though I am still of opinion that there may exist much unfornKHl 
or luminous matter in space {see emte, pages 111-14), I am fully sensible ol 
the powerful effects of that advance on some of the most remarkable bodi( s 
of the universe; and of the one before us, his Lordship says ‘‘this is a most 
difficult object. It requires an extremely fine night, and a tolerably high 
power; it is then seen to consist of innumerable stars, mixed with m'hulosiiy ; 
and when we turn the eye from the telescope to the Milky Way, the similarity 
is so striking, that it is impossible not to feel a pretty strong conviction that 
the nebulosity in both proceeds from the same cause.” When Mcssic.r first 
discovered it in 1764, he merely described it as an oval nebula without, a 
star: the difference between which, and as seen in my insstrumont, is b(‘st 
shown in the following drawing, made under the most favouring circum- 
stances — the definition of the telescope so admirable at the time), tluat it 
showed concentric rings with equal distinctness with the eyepiece on eithcu’ 
side of the focus. Yet this is the utmost which I could effect — 
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Before my sketcli was drawn, tlie donble-lieaded shot, or dumb-bell 
nebula, was regarded as a couple of nebulae with their luminiferous matter 
running into each other: but Sir John Herschel, with his 20-foot reflector, 
saw a faint luminosity fllling the concavities, and converting the whole into 
a regular ellipse. Here is an exact copy of his beautiful representation, 
except that I have altered it to white upon a black ground, and adjusted the 
axis of symmetry to the vision of my telescope : — 



And now we have to complete the progression with Lord Bosse’s mag- 
nificent aenigma, as to which I repeat that the vastness of its extent is as utterly 
inconceivable as the dynamical maintenance of its form : and it will be 
observed, that, while the Parsons-town telescope resolves it into a myriad of 
suns, the form which presents itself in my drawing is lost. This constitutes 
a- lesson to presumption, which is too prone to leap at conclusions, and catch 
at causes per saltwm^ When the aged and contemplative Thomas a Kempis 
breathed his “ Raise and refine my mind, pressed down with the dross of 
earthly desires, and draw my affections up to heaven and heavenly objects,” 

2p 2 
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he was httle aware of the full force which might apply to his ejaculation ; 
for he is not to he envied who can study the following without emotion 



Conversing witli Mr. Dawes on this object and its outlying stars, located 
probably but a short portion of the distance to the nebula, be told me that 
one I had marked was close double. There being a fine opportunity on the 
16tb of September, 1857, with a view of testing my telescopic means, I made 
a dead set at it; yet, under all the coaxing I could exert — with positive, 
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negative, and single-lens eye-pieces, I could not manage to split it. But I 
sent a sketcli of the field to Mr. Dawes ; who replied — “ Tour diagram is 
quite correct about the little double-star preceding the dumh-hell nebula; 
and it forms an interesting example of the fact that two faint objects, though 
not very close together, give the impression of one only. In this case, the 
distance between the stars may be nearly 3".** 

DOOXXXVII. 26 P. XX. ANTINOI. 

Position 20V°'9 (» 9) Distance (« 6) Epoch 1832*80 

210°‘2 (iff 6 ) 3''*6 (iff 8) 1847*60 

211°*0(iff7) 3''‘4(!ff6) 1857*71 

Instead of a sensible orbital retrogression, as inferred on comparing the 
observations of 1823 with those of 1783, my middle epoch seemed to imply a 
direct slow movement. I therefore renewed the attack after an interval of 
ten years ; when the idea of motion received its coup de grace^ and the fixity 
of the pair in relation to each other may be considered as satisfactorily 
established, although apparent anomalies exist in the data. It is to, be hoped 
some one wiU probe the matter ten years hence, for full confirmation. 


DOOLI. 178 P. XX. DELPHINI. 

Position AB 256°1 (« 9) Distance 14"*3 (wT) -ijjpQQg i836’91 

AC 126°*0 (« 1) 20"*0 (iff 1) S 

Bb 210°*5 (w 8) 0"*7 (w 1) 1842*58 

AB 265°*5 (tff 8) 14"*6 (w 8) > 1857*71 

Bb 215°*0(wl) 0"*5(wl)> 

After an interval of fifteen years, this last set of measures was undertaken 
to find what Mr. Dawes’s star b was about ; but such are the closeness and 
nature of the object that I could only get at an angle by preparing a bar 
across the field of view, and making on that a sort of estimation. In distance, 
though only guessing each time, it really seemed to be less open at my latest 
trial than it was in 184i2. The manner in which b was detected, and con- 
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verted the object into a delicate quadruple star, is related in the Cycle (II- 
page 480). Bh form, in aH probability, a binary system. 


BOOLIX. 49 OYGNI. 

Position 48°‘8 (« 8) Distance 3'^'2 (» 6) Epoch 1838‘86 

* 48°‘3(w6) 2"‘1 [ iDi ) 1850-60 

^ — 60°-l(«8) 2"-5(«4) 1857-71 

Notwithstanding an angular difference of nearly 10° between Sir William 
Herschel’s results and the later ones, it is doubtful whether there has been any 
change since 1783 : my remarks in the Cycle (II. page 486) must therefore 
still be appKoable. There is a very slight appearance of the components 
becoming closer ; but a diminution of distance, without the increase of angular 
velocity with which, as a binary, it ought to be accompanied, is against 
Struve’s assumption — “ Bortasse in hdo differentia motus manifestatur.” I 
cannot but consider the fixity as proven, and that the discrepancies are owing 
to instrumental want of concord. 

BCCLXIII. 7^ OTGNI. 

Position AB 104®-3(w8) Distance 84"-9(w5) Epoch 1834-8 1 
Aa 130°-0 (w 1) 0"*7 (» 1) 1843-74 

I was inclined to have made another attack upon this delicate and close 
object Aa, in the winter of 1863, but that, on recounoitring, it appeared to 
me under increased difi&culty ; for to the eye they were not more than half 
a second of space apart, and moreover some desirable work, -within my means, 
was to be achieved on its follower, 61 Oygni. But I satisfied myself of a 
rather remarkable fact, in confirming my former opinion, that the compo- 
nents of this ternary group are aU blueish, though differing in intensity. 
Mariotte’s mention of blue stars, alluded to in the Cycle (I. page 303), is in his 
TrmU dea Oouleura ; and he thinks their light though faint is pure, without 
any mixture of exhalations. 
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DCCLXXI. 429 P. XX. OYGNI. 

Position 34° 6 (w8) Distance 2"-1 (wS) Epoch 1833‘69 

34° 9 (w 9 ) («> 5 ) 1857*74 

I certainly thouglit a quietus was given to the annual motion of this 
star ; but a passage was pointed out to me in a hook of observations published 
in 1862, stating— “ There is some probability in favour of a slow motion, 
as will be evident from the following series.” Upon this I returned to the 
charge, and, from the evidence again reaped, am prepared to break a lance 
in favour of its fixity ; — keeping in mind, however, the laxity of close measures, 
the ailments of different instruments, and the infirmities of personal equation. 

UOGLXXII. X EQUULEI. (2 Elamsteed.) 

Position 226°'6 (w 7 ) Distance 2"*6 («> 4) Epoon 1833*72 

226°-4 (« 8) — 2"*5 (w 6) 1867*68 

This beautiful pair remains apparently unaltered since its discovery by 
Struve, or rather since his measures of it in 1832. But I was principally led 
to a re-examination of it by Mr. Dawes’s having noted the components both 
blueish” in 1846 ; to my eye, however, they were white in 1833, and, nearly 
a quarter of a century afterwards, I was obliged to record them pearly white. 
There are two distant telescopic stars in the nf quadrant ; and between them 
and X I caught up a very minute telescopic point of light, with gleams of 
star-dust in the field. On sending a diagram to Mr. Dawes for the benefit 
of his more powerful instrument, he wrote in reply — On the evening of the 
20th {September 1867) I obtained a look at 7^ (2) Equulei. Tour glmpse star 
certainly exists, but I am surprised at your even glimpsing it. It comes out, 
however, positively with high powers ; and there is a pretty group of very 
minute stars nearly preceding your little fellow.” 

The proper motions of 7 c— supposed to prove an actual movement, either of 
the star itself, the solar system in space, or of the two combined have nearly 
disappeared under the recent scrutinies. 
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DOOOLXVII. 61 OYGNI. 

Position 96°'3 (» 8) Distance 16''-3 (» 6) EfOOH 1839'69 

99“-8(«7) 16"-4(«>S) 1848-07 

103°-7(<«8) 17''-0(«B) 1853-80 

One of the most mterestmg and important revelations of astronomy is 
undoubtedly 61 Oygni, the motions, the parallax, and the general details of 
which are to he found in the Oyde (II. pages 494,-6) ; sufhce it here to say 
that the distance appears to he increasing, the path of progression seems still to 
be nearly in a straight line, and that there are more disoordanoos than might 
reasonably have been expected in two nearly equal bodies so widely apart, as 
I have elsewhere remarked. The great amount of proper motion was detected 
byPiazzi, and has been abundantly confirmed; but it should bo attentively 
watched in future in order to ascertain the plane of motion exactly ; and also 
whether this motion be anywise illustrative of Mosotti’s stellar system (Cycle, 
I. pages 283-4). A reamnS of all the proper motions at present ascortainod, 
shows the following remarkably aceordant values— 


611 OTGNI. 

JPiazzi , • . j®, + 6"*38 Dec, + 3"*30 

Baily ... + 6"*18 + 3"*24 

Argelander + 6 "' 11 + 3"’23 

Taylor ... + 5"' 54: + 2 '^* 93 

Smyth ... + 5"'10 + 3"*31 

Main ... + 5"-09 + 3''-22 

Madler . . + 5"-21 + 3"-22 


612 OTGNI. 

M + 6"-30 Doc. + 3''*00 

+ 6"-28 + 3"'()3 

+ 6"-19 + 3"'()2 

+ 6"’52 + 3"*12 

+ 5"-21 4- 3"*12 

+ 6"'18 4- 3"-00 


resiiLts wMoIl afford xuiquestioiiable proof, as well of the motion as of the 
crucial excellence of the meridional operations from whence they arc derived: 
and though the illustrious Bessel considered the data, on the whole, to he 
inadequate to afford a trustworthy set of elements for an orbit, he concluded 
that the period of revolution must be more than 640 years. This, at present, 
appears to be a fair relative approximation to truth. Meantime it is a 
duty with those who have the means, to keep their eye on this most re- 
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markable object; and I will here close with tbe mean of some measures 
handed to me by Mr. Pletclier, since my last batch ; — 

Position 107° 33' Distance 17"*766 Epoch 1856‘67 

The expression which I quoted from Bessel (Cycle, II. page 496) that 
lif^ht occupies 10*3 years to wing away from 61 Cygni’s remote mobile ^ 

merits the gravest meditation; since successive transmissions of luminosity 
plainly indicate the infinitude of space. Thus while light is 10 years in 
arriving from that little pair of stars, it cannot pass the interval between us 
and Oai)olla under 70 years, nor from the nebula in Andromeda in 620 times 
70 years {eee mte, page 100) I Hence originated my late friend Baron 
Humboldt’s truly grand conception, that— “much has long ceased to exist 
before the knowledge of its presence reaches us.” 


DOCLXXXIX. 0 CEPHEI. 

Position 260°*2 (« O) Distance 13"*5 («> 9) Epoch 1833-54 
261°‘0 (w 9) 13"‘7 Cw 9) 1843-16 

My last observations of this fine object— a standard Greenwich star— 
sufliciontly convinced me of the relative fixity of its components during an 
interval of 64 years from its discovery by Sir William HersobeL We have 
l)oon, however, a little at sea as to the colours of this pair , hut the 
upproaching. it is to be hoped, when a stricter notation will be observed by 
amateurs in this- respect. At present we have as follows— 

AWliite BWKto • • • 1®^ 

AWluto B Purplish • ■ 856 

A mite BBlue _ W.H. Smyth . ■ 

^ Yellowish B Flushed Blue *■ 


DCOO. 29 AQIJABII. 


Position 242»-0 (»8) Distance 4"-5 1»8) Epoch 1830-78 
242'=-2 (» 6) 4"-2 («. 1) «52 73 

This is a very fine object, and I consider its optical condition to be folly 

2 Q 
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n mrfirm piflj altliougli the fixst measures were made by Struve only about 30 

years before my second Epoch. Since my last results liord Wrottcslcy, at my 

request^ has obligingly re-examined the pair, to this effect 

Position 242°31' Distance 4"-065 Epoou 1857’7()8 
242°33' 4"*041 1867.726 

Here also, as with 3 Oephei, we differ as to hues. Captain Jacob, who 
professes that “ his eye is not very acute in distinguishing colours, states 
that at Poonah, in India, to him they appeared lemon-tinted; and, in orchu* 
to lead towards greater exactitude, as reco mme nded under 3 Oophoi, I may 
add that they are thus noted by other observers — 


A Red orange 

A "White 

A White 

A Brilliant white 
A "White 

B Same, lighter 
B Bright blue 

B Blue 

B White 

B Blueiah 

Seatini 

Lord Wrottealey . 

1 11 

W. H, Smyth 

1830 

1862 


ECOOXIII. 

^ AQUAEII. 



Position 362°'4 (w 7) Distance 3"'6 4) Epoch 1838-()4 

348°-9(«;9) 2''-7(w6) 1H42*69 

347°-7 (w7) 3"-3 ( fpi ) 1848.02 

346°-9(«8) 3"-2(«>4) 1852’81 

Prom the discovery of this fine binary object in 1779 to the present time, 
the data obtained have been beset with discordances, which, however, on th(5 
whole, are rather apparent than real (Cycle, II. page 618) : still those 
revolving suns are not yet ripe for an accurate orbit, — nor can I say more 
on that head, at present, than what I have there advanced. On the page 
above cited, there are discordant values for the proper motions of this curious 
system; but I am. inclined to think Mr. Main’s research (see tj OasaiopecB) is 
the best authority. This gives in + 0®-009, and in N.P.E.— 0"*03 ; and 
the next meridional reductions may prove even this amount to be a vanishing 
point — especially when certain useless decimal places are knocked off* 
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DCOCXXI. I PEGASI. 

Position AB 120‘’-0 (w i) Distance 15"'0 (w i) » 

AC 32'’*5 (w 2) 110"-0 («j 1) S 1834-79 

The Bedford epocli of this most delicate and difficult object is here iutro- 
duced on account of the discrepancy iu rating the components, as mentioned 
in the Cycle (II. page 622). On a reconnoitre in the antunm of 1857 I find 
it proper, with my eye and means, stiH to adhere to the relative brightness 
and colours I have already registered. At my instance, Mr. Dawes examined 
$ on the ovoniug of the 20th of September in that year; and he rated the 
oomites B = lli, and 0 the lOj- magnitudes; A being, he thought, rather of 
a light yellow tinti B blue, and 0 white. “The vicinity of the large star, 

U(^ adds, “ of course makes B appear of smaller magmtude than it really is : 
and I tliinlc that, upon Herschel’s scale, your estimation must be nearly correct— 
ilorschol’s 16th being identical with my lOi. It is certainly brighter than 
hia 18th ought to be according to theory, as you observe.” 

DCOOXXIX. 306 P. XXII. PEGASI. 

Position 146°’4 (w 9) Distance («> 6) Epoch 1833-88 

146'’'6 (w 8) 8"-2 (u) 6) 1849-80 

147‘’*0 (to 6) 8"-5 (to 6) 1854*77 

Time is still required before any definitive opinion can be pronounced 
on. the optical or physical conditions of this very fine, though delicate, double 
star. A diminution of r*48 in angle between my observations of 1830 and those 
of 1849, encouraged the notion of a retrograde movement; but it vanished 
under the results of 1864, though the question stiH labours under aU the 
incertitude alluded to in the Cycle, (II. page 629). • On a fine evening of 
the autumn of 1867, the colours recorded on the page here cited were confirmed 
by two pairs of eyes; the whole region, under a darkened field, being rich 
in telescopic stars, some of them compound, is worthy of bemg taken mto 
especial care by some amateur who is efficiently armed for the encounter. 

2 Q 2 
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DOOOXXXI. TT OEPHEI. 

Position AB 241°*6 (m>8) Difference 11®*8 (w i) Epoch. 183B‘75 
Aa 330“-0 (to 1) 1"‘8 (w> i) 1843-77 

The maimer of fintliTig sr Cepliei to be a close double-star with a distant 
companion, is related in the Cycle (II. page 631) ; but its being caught up 
was owing to using the macro-micro lens with a dark field of view. In the 
autumn of 1864, I again scrutinized it, but aU imaginable coaxings of eye 
and instrument could not improve on the estimates of position and distance 
of the Uttle comes, which were made upwards of ten years before : I 
therefore let well alone. Indeed sharp vision requires that A should bo well 
dewed up, and without flickering rays, rings, or mouldings. 

DCCOXXXYI. 69 P. XXIII. AQUAllII. 

Position 272®* 1 (w 0) Distance 7".5 (w) 7) Epoch 1834*79 

267°*5 (p 9) 6"-6 (w 5) 1862*83 

The effect of the proper motion of A, as considered probable in the 
Oyde (II. page 633), has not only not been verified, but has actually produced 
a variation to the contrary, in its change of place ; and, as B has had no special 
movement assigned to it, ground is afforded for assuming that the pair are 
physically connected. It is evident that there is a slow retrocession of angle, 

and perhaps a diminution in the distance ; but it will yet require a good interval 

of time before its phenomena can be pronounced upon with a confidence due 
to the question. 69 Piazzi is a very neat though delicate pair, and deserves 
a strict attention : its hues were tested in an unilluminated field, with a positive 

eye-piece magnifying 240 times, when A was recorded as being of a pale yellow 

tint, and B lilac, or reddish grey — or plum-coloured. 

DOOOXLIX. 0* OASSIOPEiS. 

Position 323‘’*7 (w 8 ) Distance 3"-0 (to 4) Epoch 1838*96 

326'’-4 (to 7)’ 2"-9 (to 4) . 1848-71 

324'’-6 (to 8) 3"-l (to 2) 1858-10 
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My conviction of tlie fixity of tMs elegant pair, witli tlieir “ colores insignes” 
in a ricli stellar field, was pretty fairly insisted upon in the Cycle (II. page 542} ; 
l)ut as an orbital change had been indicated by the observations of Sir William. 
Ucrschol in 1780 and 1804, to the amount of 11° in the interval, I gave it 
nnotlujr shot. The results of this, in common with those of aH the recent 
op(n'atioiiH on tr, fully prove the optical character of the object. 

Nor can tliis alteration of angle be aided by the movement which some 
stars are found to possess, independent of the apparent change of place due 
to the procession of the equinoxes ; for strict comparisons of various meridional 
observations, at different epochs, assign but smah and varying values; and 
])r()bably the whole amount will disappear before the new Greenwich Circle. 
At i)r(^scnt the result of the latest researches stands thus : 

ill = + 0"*060 Declination = — 0".02. — Baily. 

z= — ()"-015 = + 0".03. — Main. 

0"*007 = — 0".01. — Mddl&r. 

It may here be right to state, that I have just received a copy of Lord 
Wrott(^sloy’s paper to the Eoyal Society “ On the application of the Calculus 
of I’l-Obabilities to tbo results of measures of the position and distance of Double 
Stars.” I am not at present going to discuss whether the ordmaiy errors of oh 
sorvation, or the nature and degree of the present maimer of observing, dem^d 
HO olaborato a process; but stiU the object of the communication is mteresting 
and important, and therefore strongly recommended to the notice of astrometers. 
My object now is only to notice that o- Cassiopese is one of his selected stars; 
and that in the summary of his results, the position, by the eliminated mean 
of 112 measures, is = 324°26' for the epoch 1868-833. 

Such are the results of the re-examinations of a portion of my Bedford 
Catalogue at the Hartwell Observatory, whereia I had once plotted to overhaul 
the whole ‘‘Cycle” again, but for certain inconveniences in the going and 
coming. In the comparison of measures, the reader will have observed that I 
have not. as heretofore, beat the bush all over Europe for data, because I have 
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had ready and zealous aid at home, especially in my valued correspondents Dawes, 
Fletcher, and liord Wrottesley ; in fact, my illustrative estimates have recently 
been derived from those proportions which were supplied to me expressly 
for that purpose. Mr. Fletcher, indeed, expressed himself singularly wilhng 
to work for the Cycle, to which — as he is pleased to say — he “owes so much;” 
and in a letter of the 6th of June, 1867, he ohHgingly observes — “I heg to 
assure you, that I shall have both pride and pleasure in doing anything that 
my limited power will admit of, in furtherance of your views.” So frank and 
desirable an offer shall not be cast aside. 

It came to pass that, in the autumn of 1868, I repaired with my 
family on a visit into Cumberland, and, among other places of hospitality, we 
sojourned at Tam Dank. With the view of increasing his power as an eye- 
witness of Gun’s plenipotence and glory, Mr. Fletcher had resolved upon 
erecting a new observatory, and I was requested to give a casting vote to decide 
upon its site. This was quickly and satisfactorily arranged, as woU as the form 
and compass of an edifice for the reception of an equatoroal refracting * tele- 
scope of 9-i inches in aperture, and 12 J feet in focal length — or distance between 
the object-glass and the spot where the image is formed by the crossing rays — 
which had been some time in hand, by the celebrated Mr. T. Cooke of York, 
This noble instrument, destined to important uses, will be mounted on a prin- 
ciple precisely similar to that which I adopted and described in the Cycle of 
Celestial Objects (I. pages 336-7), namely, that of a long polar axis, with the 
telescope on one side of it, and a counterpoise on the other; and, as in the 
Bedford instance, the moving power is a clock regulated by friction, and driven 
by a weight which here will have to impel a mass of at least one ton. But 
an axis of larger dimensions than mine was obviously necessary to sustain an 
instrument so much greater; and, to ensure smoothness of motion, it was 
resolved to oast one of a given size, in iron, expressly at the Lowca Engine 


• The Dutch painter’s noted anachronism of Abraham about to shoot Isaac with a pistol, is not a bit more pre- 
posterous than the frontispiece of an astronomical book published in 1858— even in our enlightened day — where 
Galileo is using an equatoreally-mounted telescope, apparently made by Dollond or Troughtou. 
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Works, belonging to Messrs. Pletcber, Jennings, and Go. near Whiteliaven. 
A.ccordingly, oyerytlung being prepared, we all betook ourselves to tbe foundry 
to witness the interesting operation. It was a very fine evening on tbe 27tb 
of October, 1858 ; but, before describing tbe process, a preliminary word or 
two regarding tbe object and intention may not be considered an unnecessary 
intrusion, especially as I am persuaded there will be personal zeal and talent, 
C0Tni)ined with instrumental excellence and strength, brought forward and 
applied in behalf of scientifi.c philosophy, for that Aristoteban to KaT^ov which 
sublimity delights in, and brings the conviction that 


If order, greatness, if true beauty lies 
Where perfect most, behold it in the skies ! 

The polar axis is, as above stated, to be of cast iron, and will consist of 
OHii casting only ; its total length will be 15 feet, with a central cube of 1 foot 
6 indies, diminishing to 8 inches in diameter towards the pivots at each end. It 
will therefore bo seen that the central portion is cubical, and the thickness of 
metal free from the bearings of the declination axis is half an inch ; the end 
portions are conical, and the thickness of metal diminishes from three-eighths 
of an inch beneath the cube to one-quarter of an inch near the two extremities, 
whi‘,re the axis expands to give requisite strength for properly securing the 
pivots. The declination axis is of hammered iron 41- inches in diameter, and 
case-hardened on the hearings. It hears directly upon the metal of the central 
cube without the intervention of bushes of any kind; consequently it is without 
any power of adj-ustment whatever, and it must be presumed that the declina- 
tion hole is truly at right-angles to the polar a^. The pwots are of hardened 
stool, and 2i laches in diameter. At the enhe-end there is a cradle firmly 
welded on ; it is four feet in length, and to it the telesoope is secured hy means 
of four powerful clamps, or dasps. Thus the cradle and dedination-aris form 
one piece only; the other extremity of the axis carries the eounterpome, so 
tliat the dddination holes will not wear at opposite sides. To this may he 
added that the oirdes are of gun-metal, and of the strongest form, the diameter 
of each heing feet, and the graduations on silver. The northern support 
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of the polar axis is an accurately proportioned Tuscan column ol cast-iron, 
bearing a bracket on its summit with a yertical adjustment ; its soutlieni (Mid 
rests upon a beayy cast-iron frame, wbiob will csarry an azimutbal adjustmcMit, and 
on wbiob tbe driying clock is to stand. T'inally, tbe whole will bo coyi'rcd by 
an elliptical dome, haying an internal diameter of 18 feet, and revolving on 
eight railway wheels of 12 inches in diameter. 

Such will be the instrument to be directed shortly at the h(iav<jns Iroin 
Tam Bank, and it is furnished with a double-image micrometer of varying powcu’s, 
a wire micrometer with positive magnifiers to 1,000, and a battery of TU'gativo 
eye-pieces ranging from 26 to 1,600. ISTow, as polar axes for such t(d(iscopiiH 
are not made every day, the reader may like a memorandum of the casting 
of this one, and a view of the operation shall be appended from a drawing madti 
on the spot by my daughter — Caroline-Mary,* who was in the party asstunbled 
at the Lowca foundry, as above stated. 

The mould was vertically contained in the square timber case wbich occu- 
pies the centre of the sketch, and reached as again below the floor-ground, 
having been judiciously placed near the furnace and its “ roaring glow.” Wlion 
the cauldron filled with the molten metal, the right-hand cranti raised it till 
the bottom was even with the top of the mould, and it was tlnm Hhift(\d 
bodily round to approach the left-hand crane, the hook of which was made to 
seize the cauldron, and by means of the upper chain-tackling was brought 


* Jn 


Alas I while this sheet is passiDg through the press (^S^tember 18S9,) m 7 beloved, amiable, 
and accomplished daughter is no more I A most sudden attack of the insidious diphtheria carried 
her off on Sunday evening (26th ) ; within a week of her having been a very type of happy life and 
cheerfulness, and in less than a month of the day fixed upon for her union with my esteemed and 
excellent firiend and correspondent, Mr. Isaac Fletcher, of Tarn Bonk. Br. Lee was her god-father. 

MORS lANVA VIT^, 



THE TAHN BANK POLAR AXIS. 


305 


ic) the desired hearing nnder the able superintendence of Mr. Henry Meteher. 
O'lie surface of the bright matter was then well skimmed of every spnmons 
particle, and the ponderous cauldron being aceurately tilted, the melted iron was 
gcmtly poured into the small cavity left for that purpose at the top of the mould. 

Notwithstanding the general excitement, not a word was heard till the 
(jompletion of the cast became evident by the mould rejecting any more metal. 
It proved to bo a faultless casting, and stiff beyond the most sanguine expecta- 
tion ; lor, a few days afterwards, the polar axis was suspended by its two 
])ivots horizontally, and laden in the centre to the weight of one ton, with 
scarc(dy a hair’s breadth of flexure. After amply testing that there was no 
flaw throughout, the axis was turned, planed, and finished for use. The reader 
is now prepared for the furnace scene — 



CHAPTER VIL 


ON THE COLOURS OP DOUBLE STARS. 


First the flaming red 
Sprung vivid forth; the tawny orojige next; 

And next delicious yellow; by whose side 
Fell the kind beams of all-refreshing green. 

Then the pure blue that swcUs autumnal skies, 

Ethereal play’d; and then, of sadder hue, 

Emerg’d the deepen’d indigo, as when 
The heavy-skirted evening droops with frost. 

While the last glcamings of refracted light 
Dy’d in the fainting violet away. 

Thomson. 

In the Cycle of Celestial Objects (vol. I. page 300-4) I have dwelt upon 
the colours of double stars; and in the Bedford Catalogue, which forms the 
second volume of . that work, I have assigned such colours to all the objects as 
struck me at the time of observation. It seems that towards the close of 
the labours of Signor Benedict Sestini, of Borne, on a very extensive catalogue 
of stars, my book reached his hands, and led him to form the table which 
he has appended to his volume,* in hopes that the colours of stars may be 
more strictly watched. The conclusions which he had already arrived at were, 
that of two thousand five hundred and forty stars (those of Badly’ s Catalogue 


* A selection from these, twenty-nine in number, was oommnnicated by the late Professor De Vico to 
Schumacher at Altona, in 1848; who published the details in No. 684 of the Astronomisohe Nachrichten. 
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observed at Borne) the yellow stars are about half the total niitnber, and 
equally distributed; the white stars are one-fifth, in scattered portions; and 
the orange rather more than one-fifth. The red and the blue are rare from 
the Pole to 30° of north declination ; the bine then become numerous (= 4-) 
to the Equator, especially from m 18^ to 20^'; and the red abound from 

0 to 30 south decimation, and m to 20^^ 

On Signor Sestini’s instituting the comparisons which he has described in 
his work, he carefully recorded the dates, as a step to ascertaining whether 
the colours may or may not be found to vsLry with time. Political furor— 
a deadly foe to science — drove De Vico, Sestini, and other distinguished 
members of the CoUegio Bomano, from their country ; and the two former 
sought and found an asylum in America. In passing through London, Professor 
De Vico had given me notice of the use to which my Cycle had been applied ; 
and I afterwards received a copy of Sestini’s work, with the following letter 
from him in English, dated George-town College, March 19th, 1849 : — 

“ Soon allor I had completed tliis collection of observations, I conceived the design of sending 
a copy to you, not only as a mark of respectful esteem, but also for having profited by your Celestial 
Cycle in the arrangement and comparison of the observations that I myself had made in the obser- 
vatory of the Eoman College. But the unmerited expulsion and exile that I and my brethren have 
suITered, liavo obliged me to leave almost evorytliing, and the printed copies of the little Memoria 
remained in the printer’s hands, where I think they are yet. Luckily, a while a^o, I found a few 
copies in a trunk, sent to mo after the death of our dear De Vico. Therefore 1 send you now what 

1 could not send before, and at the same time, and without troubling you, I would desire to know 
wliat you advise upon this sort of observations. And, as I have the same objective glass of 
Cauchoix that I have used in Rome to collect these observations, I desii’e to know if you approve a 
review, not entirely but sufficiently general in order to examine if the dHTeionce of the climate have 
any iofiuence on the colour of stars. You can also, if you please, suggest more advisable means 
tlian those I have adopted, and I should be veryhappy if tide opportunity of having the same and so 
good an objective class that I have used for ten years in Italy could give me the means of lending 
some advantage to the science : what so sincere a lover of this beautiful science as you ore can easily 
find. On another occasion, and when I become better acquainted with the English language, I hope 
to thank you for all your favours and kindness. Then also I will tell something of the new 
observatory of this George-town College, erected and very well furnished by the care of M. Curley, 
a very able and industrious professor, my colleague. 

“ The observations m^e and published with my first Memoria are reprinted and collected 

2 B, 2 
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together with all the others of this second Memona. Nevertheless, if I had here a copy, 1 would 
join to the second, and I would send both to you.” 

In reply to Signor Sestini, I expressed my satisfaction with the course of 
his inquiries, as they might yet be of great value in a very interesting branch 
of physical phenomena. He should, however, remember that the colours I 
had recorded, were frequently noted after the eye was fatigued and biassed 
by previous working in an illuminated field, and reading minute divisions on 
graduated miorometer-cirdes. There were also the imperfections of the eye, 
the materials of the object-glass, and the various atmospheric media to be 
considered, before any crucial exactness could be expected; but that still, 
under every objection, approaches to satisfactory conclusions must inevitably 
follow a stricter attention to the subject. I therefore recommended occasional 
references to the heavens for this object only, with the eye kept in sharp 
order for the purpose, having carefully experimented the capacity of that 
organ in strictly identifymg the many gradations of colour. Many of the 
tints of stellar companions would of course turn out to be merely complementary 
contrasts; but the inherent colours would become additionally valuable, as 
strict observation upon them, under efScient means, advanced. Indeed, I 
added, it may be considered as fuUy proved, that the hue of some stars is not 
the effect of contrast, but a physical reality.* 

The unfortunate exHes — He Yico and Sestini — obtained a refuge in George- 
town, on the banks of the Potomac, in the United States ; hoping for employment 
in the newly-erected observatory there. Shortly afterwards, in furtherance of in- 
struments and other scientific objects, the Professor recrossed the Atlantic ocean ; 
but, worn with fatigue and anxiety of mind, he died in London on the 15th of 
November, 1848. Though usually known as a successful comet-hunter. He Vico 
was alive to all other branches of celestial research ; and he had promised me that, 
whenever opportunity offered, he would foUow up “ i colori insigni delle steUe.” 


* Secchi ( Osservatorio del CoUegio Romano J saye— “ Until now a means has been wanting to decide the 
degree of colour of double stars with precision. If I do not deceive myself I have succeeded, at least to indicate 
a means by which we can determine it without mistake in centuries to come : this means is derived from the 


OOLOTIRS OR DOTTBLE STARS 


309 


The question is pregnant with interest ; and, as I consider, it may be ad- 
vantageously encountered by any diligent, sharp-sighted amateur who, possessed 
of a good telescope and inclined only to easy and pleasing work, is nevertheless 
zealous of being useful in the cause of knowledge. I have therefore subjoined 
the list of chromatic comparisons of Sestini’s observations with mine ; to which 
I have added those colours which I have since noted at HartweU. Several 
of them were confirmed in direct comparison by Dr. Ijee ; it was an occasion 
on which the eyes of ladies were prized, and the tints were mostly pronounced 
without reference to the older records. Here follow the details . 


Stars. 

Cycle No. 

SMirn. 

SBSTINI. 

SMTTn. 

Epoch. 

Ooloton. 

Epoch. 

Oolonis. 

Epoch. 

Oolonrs. 

85 PlBoium . . 

vn. 

1837*9 

A. Pole wJiiU 

3. Violet 

1844*8 

A. Yellowish 

3, Azure 

1860*7 

j4. White 

3. PurpliA 

118 P. 0. Oeti . . 

xvn. 

1882*8 

A. Cfrecm yeUoio 

3. Smalt blue 

1846*8 

A. Yellowish 

3. Azure 

1849*7 

A. Yellowish 

3. Pine blue 

146 P. 0. Oeti . . 

xxm. 

1887*9 

A. Paleiopaa 

3. Violet 

1845*8 

A, Orange yellm 

3, Bull azure 

1849*7 

A. Yellow 

3. Flushed blue 

n Oassiopeo) . . 

XXIX. 

1848*2 

A. Pale loMte 

3. Purple 

1846*6 

A. Yellow 

3. Orange 

1860*6 

A. Dull white 

3, Lilao 

66 Pisoium . . 

XXXI. 

1888*2 

A, Pale yellow 

3. Pale yellow 

1844*8 

A, Yellowish 

3. Azure 

1860*8 

A, Pale yellow 

3. Pale yellow 

Ip PiBoiiun . ■ 

XXXYU. 

1883*9 

A. Silvery white 

3. Silvery white 

1844*8 

A. Pine azure 

3. Fine azure 

1849*7 

A. Flushed white 
3. Pale white 

a Urs« Minoris . 

XLIV. 

1888*2 

A, Topas yellow 

3. Pale wJdte 

1846*6 

A. Yellowish 

3. Azure 

1849*6 

A. Yelloie 

3. Dull while 

{ Piscium . . 

XLVII. 

1889*0 

A, Silver white 

3. Pale grey 

1844*8 

A. Yellow 

3. Dingy ydlow 

1849*7 

A. White 

3. (ifreyish 

87 Oeti . . . . 

xLvni. 

1888*9 

A, While 

3. lAgMblue 


A. Yellow 

3, White 

1840*7 

A. Oreamy white 

B. IHulcy 

^ OosBiopesa . . 

m. 

1886*8 

A, Oramge bird 

3. Blue 


A. White 

3. White 

1860*2 

A. Golden yellow 
3. AsJircol(Mred 

86 P. I. PiBoium . 

LIV. 

1887*0 

A. Yellow 

3. Pale bbue 

1844*8 

A. Yellow 

3. Azure 

1866*4 

A. Pale yellow 

3. Bluish 

ly Arietu . . . 

LXXII. 

1837*9 

A. Bright white 

3. Pale grey 

1844*9 

A. White 

B. White 

1860*7 

A. Full white 

3. Faint hive 


BpeSlxum of lihe deotric spark (^aesio mezzo i desunto (Mo sjsetiro della aointilla eleOrum), and I skew it m 
conduflion. My attempts hitherto, for want of time and apparatus, have not "been reduced to practice." 
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Stars. 

Cycle No. 


SMYTIL 


SESTmi. 


SMYTn. 



Epoch. 

Colours. 

Epoch. 

Colours. 

Epoch. 

Colours. 

K Arietis . , , 

LXXVI. 

1880-9 

A. Yellowish white 

B. Blue 

1844-9 

A. White 

B, Pale uffwre 

1867-7 

A. Pale yellow 

B. Flushed blue 

a Pisduin . . 

LXXXI. 

1888-9 

A. Palegrmt 

B. Blue 

1844-8 

A. White 

B. White 

1860-8 

A. Greenish 

B. Pale blue 

<y Andromedee . 

LXXXII. 

1848-3 

A. Orange 

B. Emerald green 

1846-6 

A. Redoramge 

B. Lighter red 

1860-3 

A. Loop yellow 

B, Sea-ep’een 

14 Arietis . . . 

LXXXVI. 

1833-9 

A. While 

B, Blue 

1844-9 

A. Yellowish 

B. Bluish white 

1867-7 

A. Pale white 

B. Grey 

72 P. II, Casslopeea 

XCVII. 

1834-8 

A. Pale yellow 

B. Zilao 

1846-6 

A. White 

B. White 

1867-7 

A . Yellowish white 

B, Purplish 

4 Porsei . . . 

CIX. 

1838-6 

A. Yellow 

B, Violet 

1846-6 

A. YelUm white 

B. Amre 

1849-6 

A. Yellow 

B. Lusky blue 

(j Porsei . , . 

oxv. 

1838-8 

A. Orange 

B. Smalt Blue 

1846-7 

A. Golden orange 

B. Azure 

1860-7 

A. ReiUlish yellow 

B. Blue 

82 Erldani . , 

cxLvn. 

1843-3 

A. TojnaeydUyw 

2i. Sea-green 

1846-9 

A, Yellow 

B. White 

1860-8 

A. Bi'ight yellow 

B. Flushed blue 

^ Taurl , . , 

OLVIII. 

1882-8 

A. Light red 

D. Cerulean blue 

1846-8 

A. Golden orange 

B, Asure 

1862-6 

A , Pule red 

B. Blue 

X Tauri . . . 

CLX. 

1881-9 

A, WkUe 

B. Paleshj-llue 

1846-8 

A. White 

B. Azure 

1860-7 

A. White 

B. Grey 

62 Tauri , , . 

OLXL 

1835-9 

A. Silver white 

B Purple 

1846-8 

A. While 

B. White 

1860-7 

A. White 

B. Palo purple 

88 Tauri , , , 

OLXIX. 

1832-9 

A. Bluish white 

B, Cerulean blue 

1846-8 

A. Wldte 

B. White 

1862-6 

A. Bluish white 

B. Blue 

r Tauri , , , 

OLXXI, 

1831-9 

A, Bluish white 

B. Lilao 

1846-8 

A, Very white 

B, Azure 

1862-6 

A, Pale white 

B. Violet 

«r Aurigse . . 

OLXXIV. 

1833-8 

A. Pale red 

B, Light bhte 

1846-7 

A. Wldte 

B, White 

1860-7 

A , Flushed white 

B. Light blue 

62 Eridani . . . 

OLXXV. 

1831-9 

A. White 

B. Lilac 

1846-9 

A. Light yellow 

B. Azure 

1862-6 

A. Pale white 

B. FlusMd blue 

14 Aurigse . . . 

OLXXXYIU. 

1882-8 

A. Pale yellow 

B, Orange 

1846-7 

A. White 
. B. Azure 

1860-7 

A, Greenish yellow 

B. Bluish yellow 

23 Orionia . . , 

oxcvn. 

1886-2 

A. White 

B. Pule grey 

1846-9 

A. Yellowish 

B. Blmish while 

1860-2 

A. Creamy white 

B. Light blue 

111 Tauri . . . 

OXOVIU. 

1882-9 

A. White 

B, Lilac 

1846-9 

A, Ydlowieh 

B. White 

1867-7 

A. Pale white 

B. Lilac 

118 Tauri . . . 

cov. 

1838-9 

A. White 

B. Pale blue 

1846-9 

A. White 

B. White 

1860-2 

A. White 

B. Bluish 

3 Orionis . . . 

OOXI. 

1886-1 

A. Brilliamt white 

B. Pale violet 

1846-9 

A. Yellowish 

B. Vary white 

1860-2 

A, Pale white 

B. Flushed white 

X Orionis . . . 

OOXV. 

1843-1 

A. Pale white 

B. Violet 

1846-9 

A. Yellowish 

B. Bluish white 

1860-2 

d. Palemllow 

B, Pur^^h 

i Orionis . . . 

ooxvm. 

1882-1 

A. White 

B. Pale blue 

1846-9 

A, Slightly yellow 

B. Azure 

1862-6 

A. Pale white 

B, Bluish 











OOLOTiaS OP DOtrjJLB STABS. 


311 


Stara. 

Oydo No, 

SMTrn. 

SESTINI. 

SMYTH, 


Epoch. 

Cnlonrs. 

Epoch. 

Colours, 

Epoch. 

Colours, 

2U Aurigss . . 

ocxx. 

1833-1 

A. Pale white 

B. Violet 

1846-7 

A, Yellowish 

B. Blue 

1849-7 

A, Dusky white 

B. Pule Hue 

g Orionis . . , 

OGXXII. 

1882-2 

A, Bright white 

B. Bluish 

1846-9 

At Yellow 

Bt Azure 

1860-3 

A. Whiie 

B. Grey 

^ Orionis . . . 

ooxxni. 

1839-2 

A. Topoji yellow 

B. Light ^iwrpU 

1846-9 

A, Yellowish 

B. Azure 

1860-3 

A. Yellinr 

B. Flushed Hue 

y Loporis . . . 

ooxxv. 

1882-1 

A. Light yellow 

B. Palegreem, 

1846-9 

A. Orange yellow 

B, Orange red 

\862-2 

A . Pale yellow 

B. Flushed 

8 Monooerotis 

COXLV. 

1834-2 

A. OoUleji yellow 

B. I/ilao 

1846-9 

A . Pale yellow 

B. Yellowish 

1860-8 

A. Yello7o 

B. Flushed Hue 

15 Gcminorum 

COXLVIL 

1832-0 

A. Flmhcd white 

B. Bluish 

1846-9 

A, Orange 

B. Yellowish 

1862-4 

At Pale white 

B. Ash coloured 

20 Goniinorum 

OOLII. 

1834-0 

A, Toyaa yellow 

B. (Jerulean Hue 

1846-U 

A. Yellowish orange 

B. Yellow 

1840-7 

A. Yellow 

B. Pale Hue 

or’ Oonis Majoris . 

OOLXX. 

1834-1 

*1. Flushed white 

B. Ruddy 

1846-9 

A. Yellowish 

B. Reddish 

1861-3 

A, Bluish white 

B. Ruddy 

a Quminorum 

00X011. 

1843-1 

A. Bright white 

B, Pale white 

1846-1) 

A. Yellowish 

B. Yellow 

1849-2 

A, Very white 

B. Pale white 

Z Oanori . . . 

oooxv. 

1848-1 

A, Yellow 

B, Omnge tinge 

1848-1) 

A. Yellow 

B, White 

1849-2 

A. Yellow 

B. Brighl yellow 

^ Oancri . . . 

oooxx. 

1843-2 

A . Silvery white 

B. Silvery white 

184C-0 

A. Yellowish 

B. WhiU 

1840 2 

A. White 

B. Pale white 

f/ Oancri . . . 

OOOXXI. 

1843-2 

A. Pale telkite 

B, Greyish 

1846-0 

A. White 

B. White 

1849-2 

A. White 

B. Dusky while 

V2 P. viii. Argo Na- 
vis 

oooxxm. 

1830-8 

A. Red 

B. Green 

1848-1 

A . Omnge red 

B. Yellow 

1861-8 

A. Orange 

B. Bluish green 

108 P. VIII. Ilydrsi 

OOOXXVI. 

1839-1 

A. Pale yellow 

B. Rose tint 

1840-0 

A. Orange 

B. Orange 

1849-2 

A, Full yellow 

B, Flushed 

4 Oancri , . . 

OOCXXXVI. 

1836-2 

A. Pale orange 

B. Glear Hue 

1846-0 

A. Fine orange 

B. Asure 

18613 

A. Dusky orange 

B, Sujjphire Hue 

Uydwn . . . 

OOOLX. 

1831-9 

A. Flushed white 

B. Lilac 

1846-1 

At Yellow 

B, Yellow 

1861-3 

A. Pale white 

B. Dusky 

6 Loonis . . • 

oooLxni. 

1882-2 

A. Pale rose lint 

B. Purple 

1840-0 

A. Fine orange 

B. White 

1861-3 

A. Flushed yellow 

B. Pale purple 

7 Loonis . . . 

OOOLXIV. 

1832-2 

A. Flushefwhtle 

B, Violet tint 

1846-0 

A. Raiheer yellow 

B. WhUe 

1861-3 

A. Bluish white 

B, Pale violet 

0 Scxtantis . . 

OOOLXXL 

1832-2 

A. Blue 

B. Blue 

1846-0 

A . Lin^y orange 

B. Dingy orange 

1861-3 

A. Flushed Vlue 

B. Pale Hue 

80 Sextantis . . 

OOOLXXXIV. 

1889-1 

A. Topae yellow 

B. Smalt Hue 

1846-1 

A . Pale yellow 

B. Pale yellow 

1849 2 

At Rich yellow 

B. Cerulean Hue 

54 Leonis . . . 

000X01. 

1839-3 

A. White 

B. Grey 

1846-0 

A. Yellow 

B. White 

1861-3 

A . Silvery while 

B. Ash-coloured 

(p Leonis . . . 

oooov. 

1831-2 

A . Pale yellow 

B. Violet 

1846-2 

A . Pale yellow 

B. White 

1861-S 

A. Pale yellow 

B. Dusky red 
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Stars. 

Cycle No. 

SMYTH. 

SESTINI. 

SMYTH. 


Epooli. 

Oolonis. 

Epoch. 

Colours. 

Epoch. 

Colours. 

90 Leonia . . . 

OCOOXXI. 

1836*4 

X. SUm'y white 

B. Purplish 

1840*1 

A, White 

5. White 

1861-3 

A. Silver white 

B. Pulepv/rple 

S Corvi . . . 

OCOCXLVI. 

1831*3 

A. Paleyellm 

B. Purj^le 

1846*8 

A. Slightly yellow 

B. White 

1861*8 

A. Light yellow 

B. Purple 

24 Oomse Bereniois 

OCOCLI. 

1836*4 

A. Orange colour 

B. Emerald tint 

1844*4 

A. Gold 

B. Aewre 

1861*^' 

A. Orange 

B. Lilac 

143 P. XII. Virginia 

oocoLin. 

1883*3 

A. PaleyeUow 

B. Gheenish 

1846*8 

A. Red 

B. Aeure 

1861*3 

At Yellowish 

B. Flushed blue 

12 Oanum Vennti- 
oorum 

OCOOLXVI. 

1887*4 

A. Flushed white 

B. Pale lilac 

1844.6 

A. Fellow 

B. Blue 

1860*6 

A. Full white 

B, Very pale 

^ UrsK Majoris . 

OCOCLXXX. 

1839*3 

A. Brilliant white 

B. Pale e/merald 

1844*6 

A. White 

B, Yellowish 

1840-2 

A. White 

B, Pale green 

L Bootls . . ■ 

DVIII. 

1888*2 

A. Pale yellow 

0. Creamy 

1844*6 

A, Orange yellow 

0. Azure 

1860*6 

A. Light yellow 

0. Lusky white 

r Bootifl . . . 

DXVIL 

1836*6 

A. White 

B. Wlbite 

1844*4 

A. Fellow 

B, Less yellow 

1860*6 

A, White 

B, Creamy 

10 HydrsQ . . . 

DXIX. 

1881*6 

A. Pale orange 

B. Violet tint 

1846*4 

A. Yellow 

B. Yellow 

1861*4 

A . Deep yellow 

B. lietldish violet 

212 P. XIV. Librsa 

DXXIV. 

1838*4 

A. Straw colour 

B. Fellow 

1846-3 

A. Orange 

B. Orange 

1861*4 

A. Yellow 

B, Dusky 

44 Bootis . • • 

DXXIX. 

1842*6 

A. Pale white 

B. Lucid grey 

1844*6 

A, Orange 

B. Orange 

1868*6 

A, Pale yellow 

B. Dusky 

J Bootis . . . 

DXXXVII. 

1836*6 

A . Pale yellow 

B. Light hlue 

1844*5 

A, Gold yellow 

B. Yellowish azure 

1861*8 

A, Yellow 

B, Lilac 

ft} Bootis . ■ . 

DXLn. 

1832*8 

A. Flushed white 

B, Greenish white 

1844*5 

A. Yelloso 

B. Yellowish aeure 

1860*6 

A. Yellowish 

B. Greenish white 

g Ooronae Borealis 

DXLIX. 

1842*6 

A> Bluish white 

B. Smalt blue 

1844*6 

A. White 

B. White 

1850*0 

A. Flushed white 

B. Bluish green 

51 Libras . • . 

DLVIII. 

1842*6 

A. Brighl white 

B. Pale yellow 

1846*4 

A, Orange 

B. Orange 

1860*6 

A. Oreamy white 

B. Pale yellow 

Seorpii . . . 

DLIX. 

1835*4 

A. Pale white 

B. Lilac tinge 

1846*4 

A. Yellow 

B. Whitish 

1861*4 

A. Yellowish white 

B. Palo lilac 

ill Heronlis . . 

DLX. 

1836*4 

A. Light yellow 

B. Pale gairiet 

1844*6 

A. Yellow 

B. Orange 

1861*8 

A. PaleyeUow 

B. Reddish yellow 

» Soorpii , . . 

DLXI 

1881*6 

A. Bright white 

B. Pale lilac 

1840*6 

A. Yellowish 

B. White 

1860*6 

A. Pale yellow 

B. Dusky 

g Soorpii ; . . 

DLXVm. 

1888*3 

A. Creamy white 

B. Lilac tint 

1840*6 

A. Yellow 

B. White 

1861*4 

A. Dusky white 

B. Plum colour 

280 P. XVI. Soorpii 

DXOIII. 

1833*4 

A’ Yellowish white 
B. Pale green 

1846*6 

A. Yellow ' 

B, White 

1861*4 

A. Creamy whits 

B. Greenish 

ft Draoonis . . 

Don. 

1839*6 

A, White 

B. White 

1844*6 

A, Yellow 

B. Azure 

1860*7 

A. Whitt 

B, Pale white 

36 Opbiuohi . . 

DCIV. 

1842*4 

A. Ruddy 

B PaleyeUow 

1846-6 

A. Orange yellow 

B, Orange yellow 

1861*4 

A, Ruddy tint 

B. Yellowish 
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SMYTH. 

SESTINI. 

SMYTH. 

Stars. 


Oyolo No. 

Epocli. 

Colours. 

Epoch. 

Colours. 

Epoch. 

Colours. 

80 Ophliiohi 

• ■ 

DOVII. 

1838-6 

..1. Pah orange 
li. Blue 

1840-6 

A. Orange 

B. Yellow 

1861-4 

A. Pah orange 

B. Bluish 

» Serpontis 


DOX. 

1882-6 

J. Pah eea-gre&n 

B. Lilac 

1846-6 

A. Yellow 

B. Red 

1861-4 

A. Silvery titU 

B. Native copper 

p Horoulis 


Doxni. 

1830-7 

A. Bluish white 

B, Pale emerald 

1844-4 

A. Yellow 

B. Beeper yellme 

1860-6 

A. Greyish 

B. Greerdsh 

63 Uphiuohi 


Doxvni. 

1886-6 

A. Bluish 

B. Bluish 

1844-6 

A. 'White 

B. Arure 

1860-6 

A. Ch'eyish 

B, Pale blue. 

06 Horoulia 

• • 

DOXXXI. 

1883-8 

A. Greenish 

B. Cherry red 

1844-6 

A. Gold yellov) 

B. Gold yellow 

1861-8 

A , Pale green 

B. Reddish 

70 OpUiuohi 

• • 

Dcxxxm. 

1842-6 

A. Pale tojios 

B. Violet 

1846-9 

A. Gold yellow 

B. Gold yellow 

1840-6 

A. Topaz yellow. 

B. Purplish 

« Draoonis 

• • 

DOLXXII. 

1887-0 

A, Orange yellow 

B. Lilac 

1844-6 

A. Fine orange 

B Co‘pp<ir colour 

1861-8 

A. Orange 

B, Lilac 

16 Aquilee . 

• • 

DOLXXVni. 

1831-0 

A. White 
• B. Lilac tint 

1846-6 

A. Reddish 

B, lied orange 

1861-4 

A, Yellovnsh white 

B, Red lilac 

28 Aquilo) . 

• • 

DOXO. 

1831-4 

A. Pale white 

B, Beep blue 

1844-6 

A. Whih 

B Yellow 

1861-4 

A. Litshy white 

B Lilac blue 

/3 Oygni . 

• • 

DOO. 

1837-0 

A. Topas yellow 

B. Sa 2 > 2 ^hirc blue 

1844-6 

A. OrtmigegolU 

B. Azure 

1840-6 

A. Golden yellow 

B. Smalt blue 

1 Sagittm . 

■ • 

UOOIV, 

1833-8 

A. Pale white 

B Light blue 

1844-6 

A. Yellow 

B. Bluish yellow 

1860-6 

A. Faint yellow 

B. Bluish 

6d Sagittorii 

• • 

DOOV. 

1887-6 

A, Yellow 

B, Violet 

1846-6 

A. Orange 

B. White 

1860-7 

A. Yellow 

B. Pale lilac 

Z Sagittas . 

• • 

Dooxvin. 

1838-0 

A, Silvery white 

B. Blue 

1844-6 

A. Yellowish white 

B. Azure 

1860-6 

A. Flushed white 

B. Ocruhan blue 

60 Aquilm . 

• • 

DOCXXIL 

1834-0 

A, Deep yellow 

B. Pah blue 

1840-6 

A. Yellow 

B. Yellow 

1860-6 

A. YelUrw 

B. Bluish 

» Ooplioi . 

• • 

DOOXLIII. 

1838-8 

A. Bright white 

B. Sm^t blue 

1844-6 

A. Yellotnsh 

B. Azure 

1861-3 

A. Pale yellow 

D. Blue. 

y Dolphiui 

• • 

DOOLXIL 

1830-7 

A. Yello'w 

B. Light oneroid 

1844-6 

A, Orange 

B, Yellow 

1860-7 

A. Golden ydlow 

B, Fliulied grey 

1 Equulei . 

• • 

DOOLXX. 

1838-8 

A. White 

B. Lilac 

1844-6 

A. Gold orange 

B, Azure 

1861-4 

A . Pale yellow 

B. Bluish lilac 

1 Pogaai . 

• • 

DOGLXXXII. 

1838 0 

A, Pah orange 

B. PwipUsh 

1844-6 

A. Orange 

B. Azure 

1861-4 

n 

A. Leej> ydlow 

B. Lilac blue 

0 Oepboi . 

• > 

DOOLXXXIX. 

1848-1 

A. White 

B. Blue 

1844-6 

A. 'While 

B, White 

1861-8 

A. Yellowish 

B. Flushed blue 

8 Togasi . 

- • 

DOOXO, 

1837-8 

A . ’White 

B. Pale blue 

1844-6 

A. White 

B. Yellow 

1860-6 

A. Fluslisd while 

B. Qt'eyieh 

1 Fegasi , 

• • 

DOCXOIV. 

1838-6 

A. Yellow 

B. Blue 

1844-6 

A. Gold yellow 

B. Azure 

1861-4 

A. Bright ydhw 

B Blue Uluc 

ft Oygni . 

• • 

DOOXOV, 

1830-6 

A. White 

B. Blue 

1844-6 

A. Yellow 

I B, More yellow 

1860-6 

A. 'White 

B. Pale blue 


2 s 












314 


SPEOTJLXrM HAJRTWELIjIANUM. 




SMYTH. 

BESTINI. 


Stars. 

Cycle No. 

Epoch. 

Colours. 

Epoch. 

OolourH. 



29 Aquanl . . . 

DOCO. 

1830-8 

A. Brilliani white 

JB, White. 

1846-5 

A, Jletl orange 

B. Same, lighter 

1H62-7 

A. W/iite 

It. Itlnhk 

g Cephei . . . 

DCOCII. 

1839-6 

A. Bluish 

B. Bluish 

1844-6 

A. White 

B Yellowish 

1H61-1 

.-1 . P'l ashed 

It. /*ttle lildi’ 

^ Aquarii . . . 

DOOCXIII. 

1842-6 

A. Very white 

B. White 

1846-8 

A . Orange yellow 

B. Pale yellow 

lHJti-2 

.1. /'Hashed white 

It. (Ireaviy 

S Cephei . . . 

DCCOXV. 

1887-7 

A. Orwruje tint 

B, Fine Hue 

1844-6 

A. Orange 

B. Asiire. 

18-1 9-2 

A. /)t‘rp yellow 

It. Vfi'uleati hhte 

t’ Aquarii . . . 

DCCCXXII. 

1888-7 

A. White 

B. Pale garnet 

1846-8 

A. White 

Ji. Aeiire 

lH4i)-2 

ri. I*ttle white 

It, /'Hashed 

Aquarii. . . 

DCCOXXXIII. 

1884-9 

A. Orange tint 

B. Shy blue 

1846-8 

A. (Hold 

Ih Asure 

1861 !■« 

A . Topm yelliup 

It (Icrnlean blue 

94 Aquarii . . . 

DCGOXXXIV. 

1838-9 

..t. Pale rose tint 

B. Light emerald 

1845-8 

A . Orange yellow 

B, Orange 

186(i-« 

.1. t)ivae/e lint 

It. /'Hushed hlne 

101 P, XKiil. Oaa- 
siopete 

DOCCXXXIX. 

1830-9 

A. Liglvtyellcno 

B. White 

1814-0 

A. White 

Ji. Yellowish 

1852-7 

.1 /‘file white 

It Vtllon'ish 

107 Aquanl . . . 

DCCCXLIV. 

1832-8 

A. Bright white 

B. Blue 

1846-8 

A. Vrllomsh while 
It. Yillowisli 

1851 1-7 

.\. White 

It, /'aridish 


AIL tlie differences in the above list are sul)joct to soviiral doubts, and many 
of the records have been noted without a very strict attention i.o the quostion. 
I have, in the Cycle, mentioned the many disagroenumts b(*t,w(H4i tlu^ titits 
of stars as given by Sir "William Herschel and luysolf ; and the anoinnly is pailly 
accounted for by his peculiarity of vision, and partly by tlu^ tone of metal in his 
reflectors. But I am at a loss why refractors sliould (liffov so widely as here 
shown; and therefore hope the subject will be morci closdy i)ursued than it 
has hitherto been. I am aware that the notations in(le[)oudimtly Tnudti at 
various epochs will vary in term, though to the observer’s ey(! they may nu^an 
‘ nearly the same tint; but some of the differences mentioned by Sigtior Sostini 
in his interesting Memoir are singularly striking, lie says—^Now, beginning 
with the companion of 7 Andi'omedse, we have Smyth emerald- gre(m and Scstini 
white; but Herschel and Struve at another date call it azui'e. Moreover, 
observing it again after a lapse of two years, and four years after Smyth, I 
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find it no longer white, but a strong blue !” And again — “ Now see B (95) 
BLerculis; according to Smyth one is greenish and the other red; but we 
think them both a golden yellow. A Ophiuchi, by Smyth, one ruddy and 
the other pale yellow ; but we take them to be both orange. The contrary 
occurs in t Bootis, the components of wliich by Smyth are both pale yellow; 
but wo deem one to be orange and the other azure.” 

Under the circumstances to which I have already alluded, I am not at 
this stage disposed to theorise on the objects thus brought into juxta-position : 
and the colours of double-stars must be much more accurately assigned, and 
more ably experimented upon, before wo can adnoit that the nature and character 
of those suns can possibly change in short periods. Sir David Brewster observes, 
that there can be no doubt that in the spectrum of every coloured star 
cortaLn rays are wanting which exist in the solar spectrum; but we have no 
reason to boliove that these defective rays are absorbed by any atmosphere 
through which they pass. And in recording the only observation perhaps yet 
made to analyse the light of the eoloui’od stars, he says— “In the orange- 
coloured star of the double-star § Ilcrculis, I have observed that there are 
Hovcral defective bands. By applying a fine rock-salt prism, with the largest 
possible refracting angle, to this orange-star, as seen in Sir James South’s 
groat achromatic refractor, its spectrum had the annexed appearance (in the 
Oampdon Hill Journal), clearly shewing that there was one defective band in 
the red space, and two or more in the blue space. Hence the colour of the 
star was orange, because there was a greater defect of blue than of red rays.” 
This instance shows, that an approximation by instrumental means to the 
spectra of the brighter stars ought not to be despaired of. 

In the year 1866, on my son’s going to the island of TeneriJffo to make his 
“ Astronomical Experiment,” it occurred to me that it would l)e a singularly 
fine opportunity to test sidereal polychromy ; since it would be marked from a 
spot where some thousands of feet of the grossest portion of our atmosj^hcre 
are eliminated. He accordingly scrutinized the following stars from the “ Cycle ” 
for me : those on the 29th of July and 4ith of August were examined with the 

2 s2 
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6-foot Sheepsliaiiks’ eqiiatoreal, at Guajaia, a height of 8870 feet , md thofao 
of Septemher 4, 6. and 6. were made with the Pattiuson telescope of 7-26 mehes 
apertore, and parallaetie moremeat, at the Alta Vista, where the altitude is 


n.OOO feet. 


ThAHfi are the reffistered results : 


/ 


Jui-T 29th \ 

< 


AuQuaT 4th 


/ 


Sbpt. 4th / 


a Herculla 
39 Ophiuchi 
6 Serpentis 
p Herculis 
95 Herculis 
70 Ophiuchi 
a Lyree . 
a Herculis 
95 Herculis 
70 Ophiuchi 
5 Aquilss 
28 Aquilsa 
/3 Cygni . 

186 P. Antinoi 
a Scorpii 
a Herculis 
Z Sagittsa 
a® Capricorni 
1 Pegasi 
/3 Cephei 
3 Pegasi 
Z Pisclum 
y Arietis 
\ Arietis 


' a Piscium 




a Aquilse 
y Delphini 
T Aquaxii 


a Piscis Australis 
^ Aquarii 
94 Aquarii 
101 Cassiopeffl 


Sept. 5th { 


107 Aquarii 
35 Piscium 


113 Oeti . 

y Arietis 
222 Arietis 


I a Piscium 
I y Audromedsa 
' 32 Eridaui 


A. Cadmium yeUou) . 

. B, Oreeniah 

A. Pah yellow 

. B. iZtte 

A. Pale yellow 

. B. Warm lilac 

A- White 

. B. Bluish 

A. White 

. B. White 

A. Pale yeUow 

. B. Greenish 

A. White 

, B. Tiolet 

A. Cadmium TeUow. 

. B. Greenish 

A. and B. both yeUom with 

'nge ofblmh-green 

A TeUow 

. B. Warm grem 

A. Pede yellow 

. B. Blnislu 0. Blm 

A. White 

. B. Blue 

A. Pale yellow 

, B. Blue 

A. YeUow 

. B. Blue 

A Coppery red 

, B. Blue 

A. Orange 

. B. Greenish 

A. YeUm 

. B. Blue 

A. YeUow 

. B. Blue 

A. YeUm 

. B. Blue 

A. White 

. B. Pnrjde 

A. WhiHsh 

. B. Warm grey 

A. TeUow 

. B. Grey 

A. White 

. B. White 

A. Pale yeUow 

. B. Light liluc 

A. White 

. B. While 

A. Pede yellow 

. B. Grey 

A. Cadmium yellow . 

. B. Greyish tinge 

A. Light yellow 

. B. Pide violet 

A. White 

. B. Blue 

A. Cadmium yeUow . 

. B Blue 

A. YeUow 

. B. Light worm lilac 

A. I^ht yellow 

. B. Grey, b. blue 

. C. Blue . 

. D. Violet 

A. Pale yeUow 

. B. White 

A. YeUow 

. B. Pale violet 

A. Bich yeUow 

. B. Warm grey 

A. L^ht yeUow 

, B. Light yellow 

A. . 

. B. Blue 

. C. Liho . 

. H. Yellow 

. A. 

. B, White 

A. Orange 

. B. and C. Green 

. A. Orange 

. B. Greenish 
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Sbpt. 6th 


IT Casaiopese 
35 Fiscium 
113 Ceti . 
146 Ceti . 
t] Casaiopese 
65 Fiscium 
if/' Fiscium 
S Fiscium 


A. Pale yellow 
A. PuUyeUow 
A- Yellow 
A. YeUow 
A. YeUow 
A. Whi^ 

A. White * 

A. White 


. B. Light Uue 
. B. Pale lUac 
. B. Warm grey 
. B. Pale violet 
. B. Indian red 
. B. 

. B. White 
. B. Reddish 


In th.e above list, there seems to be a very general similarity of eye-judgment 
between my son and myself ; whence it would appear that the difference made 
by 11,000 feet of lower atmosphere on the colours is not so great as might 
have been anticipated. But the most striking and inexplicable difference is 
that of 96 HercuUs ; for, in the observations at the Peak of Teneriffe, the tints 
of the two stars— though not quite the same at each examination— were judged 
to be common to both, and the impression was ratified by the evidence of 
some Spanish visitors at the astronomical aerie. Not a httle taken aback, 
however, by the unexpected announcement — the more unexpected in consequence 
of the general agreement which existed throughout the hst, even in some 
of the most delicate hues— I took the earliest opportunity of returning to 
the charge, when there I found A apple green and B cherry red, as recorded 
by mo nearly a quarter of a century before I To avoid all suspicion of bias I 
invited my colleagues to the task, and soon received an answer from Mr. Dawes, 
saying — “ On referring to my colour-estimations, I find that they agree very 
nearly with your own.” Lord Wrottesley pronounced A to be greenish and 
B reddish in 1867*46; and at the same epoch Mr. Pletcher reported that A, 
to his eye, was light green and B pink ; while to his brother H. A. Pletcher 
one was bluish green and the other orange, and to Mr. T. W. Oarr A was 
either hght blue or green, and B dull red. To add to the perplexity of the 
instance, Sestini saw them both golden yellow at Borne, in 1844; while his 
colleague, De Vico, in the memoirs of the “ Osservatorio del Oollegio Bomano,” 
in the same place and with the same instrument, dubs them “rossa e verde.” 
Assuredly this is most passing strange, since the means in these cases were 
pretty equally powerful, and chromatic personal equation— oi the faculty in 


I 
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a greater or less degree of appreciating differences of coloiiTj cannot bo entitled 
to consideration with tbe discrepancies of 96 Herculis. 

Under our present practice, various difidculties are presented, for the 
designation of hues uttered in parlance by several persons often means tbe same 
tints in different words, and these will not always quadrate with the chromatic 
language of photologists. The wonder, however, is not so great that, with- 
out a due nopienclature, we should differ so much from each other, and even 
from ourselves at different dates, but that, with such an unorganized practice, 
so many instances should coincide relatively. In many cases the differ ence 
of colour in the components of a double star are real ; but when they are merely 
complementary, the fainter of the two may possibly be a white star which 
appears to have the colour complementary to that of its more brilliant companion. 
This is in consequence of a well-understood law of vision, by which the retina 
of the eye being excited by light of a particular colour, is rendered insensible 
to less intense light of the same hue, — so that tbe complement ot the whole 
light of the fainter star finds the retina more sensible than that part which 
is identical in colour -with the brighter star*; and the impression of th(^ com- 
plementary tint accordingly prevails. But the accurate perception of the colour 
of a celestial body often depends as much on the condition of the oyo when 
the object is seen, as upon the object itself; and possibly the achromatism ol 
the object-glass, which, being adapted to the solar spectrum may not be suii,ablc 
to tho spectrum of a star, ought to be taken into account ; as well as a nice 
adjustment of the eye-piece, to lead to a discrimination between real and illusivo 
appearances. The powers of colours in contrasting with each other, agree with 
their correlative powers of light and shade; and such are to be distinguished 
from their powers individually on the eye, which are those of light alone. It 
may assist the memory of the inexperienced observer, to remind him that the 
primary colours and their complementaries are in these relations — 

Kod . . . Green 

Blue . . . Oratvge 

Yellow . . Violet 
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and from these a scale may be readily drawn np of the subsidiary tints and their 
opposites (the male and female lights of Milton’'^), through all the twistings 
of Iris : and if he will bear in mind the laws of harmonious alliance and con- 
trast of colour - that yellow is of all hues the nearest related to light, and its 
complementary violet or purple to darkness — that red is the most exciting and 
positive of all colours, and green the most grateful — that blue is the coldest 
of all hues, whilst orange is the warmest — ^much of the apparent mystery of 
harmonizing the multiplied tints of primary, secondary, and tertiary colours, 
wiU bo readily accounted for. 

In the present incertitude, it is suggested that variations in colour may 
Ixj owing to variations in stellar velocity; but in this case would there not 
also be as palpable a variation in brightness? If it shall be found that the 
tints actually vary, the comparative magnitude should also be carefully noted, 
to establish whether a variability in brightness accompanies the changes of 
colour. Scstini, however, docs not view the matter in this light : he holds 
that the undulations of each colour arrive in succession to our eyes, and that 
thercforcj at last, when they have all reached us, they will appear white. In 
arguing the circumstances necessary for the case— as the strength of vibratioUvS 
with their numljcr and velocity in a given time — he cites ITuyghens, Euler, 
Young, Eresnel, and Arago, Quoting Herschel’s data, he observes, that live 
hundred and thirty-six l)illions of • vibrations cause us to see yellow, while six 
hundred and twenty-five billions exceed the number that shews blue : thfit 
is, when the tangential celerity of the moving star in relation to its companion 
comes at its maximum to equal one-tliirteenth of that of light. Its green 
colour will change insensibly into yellow on increasing its distance, and then, 


» Tho notion of male light being impai-Uid by the Sun, and female light by the Moon, is as old os the hills. 
Pliny, in hie Ctclop^ia (lib. it. cap. 100 and 101,) mentions it as a condition “•which we have been taught;” 
and he details the influences of the masculine and I'eminiuo stars. Here, probably, Milton imbibed the hint to 
which I alluded in the Cycle (1. page 301)— 

“ Otlier suns, perhaps. 

With their attendant moons, thou wilt descry, 

Communicating male and f&nale light.” 
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receding through the eame steps, it .riU again become green; hoyoud wHch, 
a. it approaches the eye, it will become a Ml blue; flnaUy, m the inv^se 
order, it will turn to green, and so on. But this explanation is not admissib o, 
as may be readily shown: for instance, if we accelerate the rdocity oi the 
star to one-fifth of that of light, we shaU have the number of Tibrations 
corresponding to red = four hundred and eighty-one billions, and seven hundrcc 
and twenty-one billions, which exceeds that of violet. In this supposition, 
the green star when furthest from its companion will become red, and when 
approaching it must be of an intensely strong violet tinge; after wluch, 
owing to its droular orbit, it will in receding again become green, thus passing 
thxougli an the colours of the spectrum. These are the ratios— 

536 : 625::i— ifr : 1+T^ir"-12 * 14::6 : 7 


481 : 721 :: 1—4 : i+ 4 


! 3. 


Admitting these and the like grounds, as the laws of new stars and binary 
systems may be somewhat elucidated thereby, I strongly recommend repoatod 
examinations of the brightness and colours of stats to tho woU-oquLppod 
amateur, who is also happily possessed of a good eye, perseverance, and accurate 
notation. But even thus prepared, I would advise him, before entering upon 
the undertaking, to study well the third chapter of the great work ol my 
highly-esteemed friend Sir John Herschel, on the Uranography of the Southern 
Hemisphere: it treats of Astrometry, or the numerical expression of tlu^ 
apparent magnitudes of the stars. In a more advanced state of this question 
the measurement of brightness should always accompany that of colours, since 
a change in the one might possibly produce variation in the other : and who 
can say that numerical measures may not be made with such extreme precision 
hereafter, that the distance of stars thereby may he given? The observer 
must not however he unnerved by the difficulties, some of them apparently 
insuperable, which beset the inquiry : nor by the philosopher’s assertion that 
» nothing short of a separate and independent estimation of the total amount 
of the red, the yellow, and the blue rays in the spectrum of each star would 
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suffice for the resolution of the problem of astrometry in the strictness of its 
numerical acceptation ; and this the actual' state of optical science leaves us 
destitute of the means even of attempting with the slightest prospect of success.” 
This is indeed a damper to our argument, so far at least as stars differing in 
colour are concerned ; but perseverance in a good cause has often been re- 
warded with marvellous accomplishments,— and it is well to remember that 

By many blows that work is done, 

Wliicb. cannot be achieved with one. 


These remarks will hardly be impinged upon in practice by taking one 
objection to the facts upon which Sestini’s theory is founded, namely, 
the velocity of the stars; since, in the present day — even' admitting proper 
motions and translations in space to their fullest extent — it is not necessary to 
consider the possible rate of sidereal movements as capable of beaimg any 
sensible ratio to the speed of light. In citing the case of the orbital velocity 
of the companion of a double star, he should have applied it to a Oentauri, 
an object of which wo know aU the elements, its distance from us and from each 
other in miles, the mass of the components as compared to our Sun, their 
quantity of light as compared to the same, and the periodic time; — all these we 
know to a greater degree of confidence than those of any other similar body. 
Now the theory fails upon this test; for the mean orbital velocity of the com- 
panion may bo assumed as 2'6 miles per second, while Sestini’s limits of and y 
of the velocity of light would make it fiefteen thousand and thirty- eight thousjind 
miles in the same time The velocity of light assumed here is, however, it 
must always be remembered, that of the Sun; that determined by direct 
observations of the solar orb itself, or by the eclipses of Jupiter’s satellites, 
whose reflections still give us‘ solar light, and traversing the same medium, 
whatever it be, filling the planetary spaces. But we may reasonably expect, 
and, indeed, the experiments detailed above, on the spectra of different stars, 
appear to indicate, if not actually to prove, that the light of some of the stars 
is absolutely of a distinct nature, and radically of a different composition, to 

2 T 
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that of the Sun ; while the media which the rays have to pass through may 
be of a kind unknown in any part of the whole extent of our planetary circles, 
and of a nature of which we are at present profoundly ignorant. 

Evidently, therefore, when the speed of transmission of the steUar rays 
comes into play, we may have to deal with velocities very different to that on 
which our correction for aberration— which depends upon solar hght— is founded . 
the speed of transmission of which element, the velocity of electric light, and the 
speed of sidereal Hght, appear to depend upon, or be affected by, different 
causes. Q-rantmg that, however, and to the widest extent, extending oven the 
somewhat doubtful experiments which have been made on the velocity of 
electric Hght as compared with the solar, and on the transmission of ordinary 
Hght through air and through the denser medium of water; stHl there is 
nothing as yet to show, that we are Hkely to meet with any kind of Hght 
moving at so slow a rate, as to bear the proportion wliich Sestini’s theory 
requires to the actual speed at which any star has been found to move. 

There is, however, another way in which the peouHar habitude of rays of 
light may produce a difference of colour in a star, and make it even run 
through the whole of the colours of the spectrum from one end to the other 
and back again, in a greater or less space of time according to the particular 
circumstances of the case. This wHl occur if the different coloured rays of 
which the white beam is composed, have intrinsically in themselves, or by reason 
of the nature of the medium which they traverse, any difference in the velocity 

of their transmission. 

According to the Newtonian doctrine of “ emission,” the separate colour's 
are actuaHy produced by different degrees, of velocity: and he concluded - 
from experiment- that the transparent parts of bodies, according to theii* 
several sizes, reffect rays of one colour and transmit those of another. 
But, according to the “undulating” theory, which has since been shown 
by Young and Eresnel to be far more probable than the other, if not really 
to be the true theory, the various tints are produced by means of undulations 
of dffferent lengths; and the physicists have even been able to measure the 
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comparative extent of these minute wavesj or undulations, and have assigned 
them as follows : 


Red 




Parts of an Inch. 

0*00002582 * 

Orange 

. 


. 

0*00002319 

Yellow 

• 



0*00002270 

Green 




0*00002073 

Blue 




0*00001912 

Indigo 

• 



0*00001692 

Violet 


, , 


0-00001572 


Now, though this by itself may say nothing with respect to the rapidity 
with which each undulation may he transmitted, it renders the probability of 
such a difference extremely great ; and, though that difference be so very small 
that there is no hope of ever being able to make it manifest in any scientiJfic 
apparatus of even the most delicate description, yet, on account of the great dis- 
tance of the stars, the effect may become at length very sensible. IPor although 
the difference of the rate of propagation of the waves of each ray may be the 
smallest conceivable quantity, yet, if that different rate be kept up during the 
whole one thousand years that we suspect must be occupied by the light of some 
of the stars in reaching us, notwithstanding that it may travel on the average 
one hundred and ninety-two thousand miles in a second, it is manifest that, 
after continuing to grow during so great a length of time, a very decided 
effect may at last may be produced. 

If a now star suddenly appears in some part of the sky, the rays of light 
immediately travel off to announce the fact everywhere, and to us amongst the 
number of other orbs ; and it matters not whether the light consist in the emis- 
sion of particles, or the propagation of waves of different orders, as many of 

• These lengths of an undulation lead to the osiounding decision, that, on viewing a red object, the membrane of 
the eye trembles at the rate of 480,000000,000000 of times in every two beats of a seconds’ pendulum I The re- 
searches and discoveries of Huyghens, Young, Malus, Fresnel, Axago, Poisson, Aiiy, Wheatstone, and others, have 
rendered the hypothesis of an undulatory propagation of light almost a demonstrated truth. “ It is a theory,” 
says Herschel, “ which, if not founded in nature, is certainly one of the happiest fictions that the genius of man 
has yet invented to group together natural phenomena, as well as the most fortunate in the support it has received 
from all classes of new phenomena, which at their discovery seemed in irreooncileable opposition to it. It is, in 
fact, in all its applications and details, one succession of felicities ; inasmuch that we may almost be induced to say, 
if it be not true, it deserves to be.” 


2 T 2 
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Aiago’s “couriers” as there are differeat colours in the spectrum are sent off 
with the intemgence; and, if one is able to accomplish the great intorvenang 
distance between the star and us in a less space of time than the others, and 
so arriTe before them, we shaU see the star of that colour first, say blue. In 
that case the nest to arrive would be the ydlow, and then amvmg and 
with the blue, already come, would make the star change from blue 
to green; while the red, arriving last of ad, and joining thomsolvoB to the 
avia ting green, would at length make the star appear white; and, if it pro- 
served the same lustre, it would ever after continue white. 

But he it recollected that, in the ideas evoked by the discrepancies of 
colour-estimates, I am only throwing out suggestions, not advocating an hy- 
pothesis; and it must he admitted that variations of colour ought to accompany 
variations of brightness, hut such variation of hue has not hitherto been 
detected in stars that notably vary in splendour. With this confession, W(5 
will proceed in the vision thus conjured up, and return to the celestial body in 
white ; only reminding the reader, that little is correctly understood of light 
in its causes and principles of existence, and that Bacon htis told us Tcckh 
8cwe est per causas scire. 

If the above-cited star is shown for only an instant of time as an electric 
spark, then we should see it varying through each of the different colours, 
blue, yellow, and red, separately and distinctly. Allowing that, for example, 
the blue ray was to traverse the space between the star and ourselves in three 
years, the yellow in three years and one week, and the rod in three years and 
two weeks, and supposing the above to apply only to the central portion of 
each coloured ray, which should gradually vary with filaments of different 
velocities so as to join insensibly with those of the neighbouring one; then, 
three years after the striking of this stellar spark, we should see a blue star 
appear in the sky, and last for one week, then the star would appear yellow 
during another week, and red during another; after which it would be lost 
altogether. If there be actual separations between the different colours, as 
is more than hinted at by the discovery of the black bands in the spectrum. 
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then the star, after appearing of one colour, might disappear for a time before 
the next colour began to arrive. 

Again, if a star which has existed for ages be on a sudden extinguished, 
the rays last emitted will be the couriers to announce the fact ; and, supposing 
the star to have been white, three years afterwards (in the above particular 
example), the last of the blue rays having arrived before the last of the others, 
the blue wiU. be deficient in the star, and from white it will become orange ; 
after a week aJl the yellow ones will have come in, and the star will be red ; 
and, when the final rays of this colour have arrived, it will totally disappear. 

But if the star shines permanently, and has so shone from time immemorial, 
then, whatever might bo the difference of time elapsing between the blue and 
red rays shot out from the star at the same instant reaching us, we should 
see the star white; for blue and yellow and rod rays of different dates of' 
emission would aU bo reaching our eyes together. 

This case can bo exemplified by looking through a prism at a white 
surface of unlimitod extent and equal brightness, when it wiU be seen as 
white as before; for the multitudinous spectra formed by all the component 
points of the whole surface overlaying each other, the red of one coming to the 
blue and yellow of others, wBl form white light as completely as if the three 
colours of one point be concentrated together agam. Here was Groethe’s error : 
he gazed at a white wall tlirough a prism, and, finding it white stOl, kicked 
at Newton’s theory to produce an absurd one of liis own. But had he looked 
at the edges of the wall— which is a simihir case to the birth or death of a 

— lie would have seen the blue half of the spectrum on one side, and the 
red on another : everything, in fact, with a sensible breadth, will have coloured 
borders, blue on one side and red on the other. If one part of the wall, 
however, be brighter than another, the strong blue of that thrown on to the 
fainter red of another, will give that a bluish tinge, and xiice versa : and so 
with the stars ; if their brightness should alter, or, in the common but singularly 
erroneous parlance, their magnitudes vary, the strong blue of a bright epoch 
arriving with faint red of a dull period, will make blue appear to us as the 
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predominatmg colour ; will cause indeed the star’s light to appear decidedly blue 
at one time, and, mutatis mutcmdis, red at another, although all the while the 
star’s colour may not really have altered at all ; hut may have been reaUy, and 
would have appeared to observers close by, as white as ever, varying only 
in quantity and not in quality. Eeal alterations in colour may doubtless 
occur, but evidently may often be only consequences of alterations in brightness, 
which may be brought about by many regular and periodical phenomena, and 
certainly do not require the introduction of any such startling reason as the 
conflagration which was lugged in to explain the tints through wliich the 
variable star of 1572 passed, as it gradually died out of the sky, where it had 
so suddenly appeared a few months previously. Of this, at least, we may bo 
certain, that there are periodical variations in the brightness of the stars, and 
«that some alteration of colour should thereby be produced; but whether to 
a sensible extent or not, is only to be determined by experiment. ^ Porsei 
has been selected by Ajcago as a favourable instance for testing this matter 
by observation, because it changes so very rapidly in brightness in a short 
space of time ; but, though he did not succeed in detecting any alteration of 
colour, we must not despair ; for, while on the one hand his means of determin- 
ing the colour seem to have had no sensible degree of exactness, it is easily 
possible to assume such a difference of velocities for the various coloured rays 
of the star, and such a distance for them to traverse, as should completely 
annihilate the expected good effect of the quickness and frequent recurrence 
of the changes in this particular star. Many other stars might indeed bo 
picked out where the natural circumstances are more promising, whilo the 
perfection of the means of observation would allow of many more still being 
made subservient to the inquiry. 

The failures made here may therefore be regarded in the same light as 
those in the olden inquiry of finding the parallax of the fixed stars, viz. 
not as reasons for leaving off, but for trying again more energetically, more 
■ extensively, and with more accurate means than before ; and, although I may 
not be prepared just at present to describe any perfectly satisfactory method 
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of obseryation, still, as some amateiirs desirous of pursuing the subject may 
like to see such hints as my experience has necessarily given rise to, presented 
in some rather more practical form, I have thrown them together as follows . 

In any method of determining colours of stars, three possible sources of 
error have to be met : 1. The state of the atmosphere generally at the time 
in altering the colour of all the stars above the horizon; 2. The effect of 
altitude in varying on different stars the apparent colour produced by the 
atmosphere; and 3. The effect on the eye of the necessary quantity of some 
sort or other of artificial light, for the purpose of writing down or examining 
the dimensions of the instrument, the face of the clock, &c. &c. 

The first can only be eliminated by extensive observation of a number of 
stars, especially circumpolar ones, all through the year. Although the colours 
of some stars may vary in a small number of months, weeks, or even days, 
the mean of them aU may be considered to be safely depended on for a tolerably 
constant quantity ; and each star should bo examined and tested for its colour 
every night, by comi)arison with the mean of all the rest; and where any 
decided variation appears to be going on through the year, that star should 
at once be excluded from the standard list, and its difference from the mean 
of tbo others stated as its colour for each night’s observation. 

The second source of error is to be met by observations of the same star 
through a large part of its path from rising to culminating, or of a number 
of stars of known colour at various altitudes, combined with a correction 
something similar to that for refraction, as varying in a proportion not far 
from the tangent of the zenith distance, and which would consequently require 
the altitude of every body observed to he noted, as a necessary element in 
reducing the observations. 

Low stars, however, should be eschewed, and each observer should confine 
himself as far as possible to his zenith stars ; for, in addition to the low ones 
being so much fainter to him, than to one to whom they are vertical, and 
in addition to the colouring and absorbing effect of the atmosphere increasing 
so excessively, low down on the horizon, the envelope acts so strongly 
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there as a prism that, comhined with the had definition prevailing, I have 
sometimes seen a large star of a white colour really appear like a blue and 
red handkerchief finttering in the wind: the blue and red about as intense 
and decided us they could well be. This shows the extreme importance of 
noting not only the altitude of the star, which determiues also the degree of 
prismatic effect, but of distinguishing in the observation any difference between 
the upper and lower parts of the star. In the Sun and Moon, bodies of very 
sensible breadth, this effect is not so evident ; the surface will still be white 
or coloured uniformly by the atmosphere, and the upper and lower bordeis 
will alone show the prismatic colours, half on one edge and the other half on 
the other, as in the case of the white wall mentioned above j but the star, 
being merely a point of light, is wholly acted on, and exliibits as complete 
a spectrum as could be contrived without any of the white or self-compensating 
intermediate portion. 

Combined with this is the colouring effect of the object-glass, and any 
deficiency of its achromatioity ; but these being nearly the same on all the 
stars, win not affect the difference observed ; yet the latter quality of the eye- 
piece will be of more consequence, unless the star be brought very rigorously 
into the centre of the field of view, and kept there the whole time that it 
is under observation. An achromatized eye-piece should be specially used, 
and its magnifying power always recorded. 

The thii'd difficulty may be best counteracted by using one eye for the 
field of the telescope, and the other for writiag down, &c. ; having the 
artiBcial light used for these purposes as faint, and maldng them as white 
as possible, with vmious other little practical details which will best occur 

to each observer. 

We then come to the grand difficulty : viz. the manner in which the colour 
is to be determined; the methods are two: first, by the senses; second, by 
instrumental means. The first is that which has been employed hitherto, 
and will doubtless still be the only method employed for a considerable time 
by amateurs; and, though so very vague, yet may— by the education and 
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tli6 practice of the senses, combined with the corrections above considered 
be carried to considerable perfection : but the education must be much more 
systematic, and the practice much more constant, than they have hitherto been. 
Nor win the pursuit be unfruitful, even if it only relieves science by proving a 
negative; but to the zealous there is a hopeful guerdon, because much of the the- 
ory of the universe may be finally revealed by this elegant and delicate element. 

Some certain standard of colours must be kept and constantly referred 
to : the colours of precious stones have been used for this purpose ; but, though 
very proper in one point of view, as being by their brightness more comparable 
to stars than ordinary pigments are, yet astronomers in general have not much 
ac(iuaintance with anything so valuable and costly; and, if they had, would 
find that the colour of each star is not certainly to be defined by its name, 
i. e. that under the same name many different colours may be found; and 
different observers will therefore be giving the same name to stars not re- 
sembling each other; in addition to which there is not a sufidcient range of 
colours amongst the precious atones to meet all the oases which occur in nature 
in the heavens, and they neither admit of being mixed, to form varieties of 
colour, nor of being modided, to show gradations in their own colour; a most 
important defect. These qualities, however, are possessed by the water colours 
of the present day; the greater part of them are very permanent, and the 
others, which are not so, are capable of being prepared fresh and fresh ; the 
number of colours moreover is great, the combinations that may be formed 
of them almost endless; and gradations of each may be made, from nearly 
white to next to black. Not only must a scale of them be had in possession, 
and frequently referred to, but it must be made and remade by the observer, 
as a mode of impressing the colours on his memory ; and, unless he can carry 
them in his mind, he need not attempt th’e chromatic observation of stars ; 
for, as he cannot see the star and his scale of colour at the same instant, and 
side by side, the estimate of the star depends entirely on the memory.* 


• Chromatography' is not so near perfection as the eye and state of art would lead us to suppose it to be ; hut it 
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■We tried an experiment on ohromatio personal equation, in its sunplest 
form, at Hartwell, on a fine evening of the second of July, 1829. Hayrng 
prepared a stone pedestal in front of the south portico of the house, on which 
waa placed a Gregorian telescope of 64 inches aperture, a party of visitors, in- 
sisting of six ladies and five gentlemen, were invited to gaze upon the double- 
star Oor Caroli ; and they were each to teU m^o«o ^oce to prevent biaa-what 
they deemed the respective colours of the components to be. The first who 
stepped out by request was my good friend the late Rev. Mr. Pawscy-more 
addicted to heraldry than to astronomy— who, after a very momentary snatc , 
flatly declared that he “could maie out nothing particular:” but the other 
spectators were a Uttle more attentive to the plan proposed, and their 
respective impressions were thus noted down in the large Hartwell Album 


Mrs. Tyndale | 

A. Pale white. 

B. Violet tint. 

Miss Mary Anno 

Mrs. KhsIi I 

A. Yellowish cast. 

B. Deadish purple. 

Mr. Rose 

Miss Honor | 

A. Yellowish. \ 

, B. Lilac. 

Mr. B. Smith 

Mi HR Cliailotte 1 

j A. Light dingy yellow. 

1 B. Lilac. 

Dr. Lee 

Miss Emily 

fA. White. 

\ B. Plum colour. 

Capt. Smyth 


^ A. Palmli yellow, 
t B, Blue. 

t A. Cream colour. 

( B. Violet cream. 

c A. Pale blue. 

\ B. Darker him. 

{ A. Wliitwli. 

B. Light purple. 

. A. White. 

> B. Phm-colour purple. 


Now, whatever may be said about instrumental means, tendency of metallic 
mirrors, weather infiuence, atmospheric light, or the object’s position as to 
it is clearly obvious that every property was common to the whole 
party, and we doubtlessly aU meant the same hues. It must be admitted, 
however, that the star was new to most of the spectators, and, though some 
of the eyes were surpassingly bright, they had never been drilled among the 


is hoped 
a proper 


that M. Chevreul’s beautiful work on Colours, which has appeared sinbe the above was printed, yield 
standard of tints for astrometry, as well as for manufactures, so as to aftord an easy an re y^re erence. 
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celestials. Pnrther observation, with an achromatic mstrmnent, led me to 
record Oor OaroH in the Cycle for 1837, A flushed wHte, and B pale lilac; 
but, as Sestini found them to be yellow and blue in 1844, 1 again probed them 
in 1850, when A struck me as full white and B very pale, but slightly ruddy 
under that paleness. Brom the lightness of the tiuts, this object offers less 
distiuctness than deeper-coloured stars; insomuch that in 1830 Herschel said 
— “ With aU attention I could perceive no contrast of colours:” yet at my last 
iuspection in 1865, three observers were unanimous that A appeared to be a 
pale reddish white, and B lilac, under a magnifying power of 240, and a fair sky. 
All tills shows the urgent necessity of a chromatic scale being drawn up for 
general adoption; and that, as yet, we are only on the threshold of a very 
beautiful department of knowledge. 

Many persons may think that a mere glance at colours is enough to im- 
press them at once on the memory, and that, without any practice at that sort 
of remembrance, they can keep any tint in their mind for any length of time; 
hut a more erroneous idea was never entertained. To those unhappy per- 
sons greens are greens, and blues blues; for they have never entered even 
the region of colours, and a whole world of inteUeotual enjoyment is for ever 
closed against them. Bring them to the proof of their boasted powers; show 
them any portion of a landscape; and then place colours before them, and 
make them put down the various tints from memory, but this a week or two 
after the scene was witnessed. If hardy enough to attempt the task, every 
■ one of their tints will be found in error, and they will only put down one 
where nature had fifty. Even the painters confess that, though colour may 
be a low branch of thoir art, yet it is the most difficult. Only look at the 
walls of the Itoyal Academy and see how rarely is a good colourist to be 
met with, and when ho is, how the iaitiated will gloat over the matchless and 
variety and mellowness of tints, while the uninitiated can see barely 
more than one, and that to them not noticeably different firom the world of 
common-places beside it. Only look, too, at the characteristics of those painters 
who dram from nature but do not eolow also from her; who make their 
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sketches in the open air with pencil or sepia, and fancy colourmg to he so 
simple and so easily rememhered, that they may do that afterwards comfort- 
ably and at home. Their works are detected wherever they are seen hy the 
poverty of tiats, and hy the nniformly monotonous colours that are always 
employed in the same manner : the hnman mind cannot invent to any extent, 
but only put together in a novel manner materials collected from the external 
world. And such materials in colouring can only he impressed on the memory 
by actual pains-taking and laborious copying and working from nature, by 
making the tints and applying them in imitation of her. By such training, 
this branch of memory may be strengthened as well as any other ; for we find 
that the works of artists who adopt this method are always superior in their 
colouring to those of others, even when they paint from the memory or the 
imagmation. And one of the best colourists that we have ever had in land- 
scape painting was so impressed with the importance of cultivating the memory 
in this manner, that he used, even in the days of his prosperity and the high 
prices of his works, to spend much time in the open air making studies in 
oil, and then, as soon as they were made, tore them up ; so that, as the 
followers of Oortez saw the necessity of conquering when their commander 
burnt the ships in which they might have made an inglorious retreat, and 
exerted themselves accordingly,— in the same way not being able to refer, 
when painting a picture at home, to the sketch made in the open air, he 
felt himself necessarily obliged to tax his powers of memory, and make them 

exert themselves to the very utmost. 

In the early part of this century, it was my good fortune while in Athens 

to make the acquaintance of the late Signor Gianbattista Lusieri, the eminent 
landscape-painter engaged by Lord Elgin to work in Greece. This philoBOphical 
artist showed me a series of views, proving his gradual improvement through 
twenty years, by making Nature his model throughout; and he restricted 
himself, moreover, to the same hour of the day for 'colour ; and some pictures 
wliich he was unable to complete before, a change of weather, he reserved till 
the same season of the following year. Hence the perfection of his pencil. 
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The second, or instnimeiital method of determining colour, need not he 
entered upon at much length here, as amateurs are not very hkely to practise 
it; and would be working generally at a great disadvantage compared with 
any instrument in a pubho observatory specially devoted to this object. Bright- 
ness is everything with this method, and this must be commanded both by 
elevating the telescope into a high region of the atmosphere, and by adoptmg 
the largest possible size of aperture; for, not only must photometrical determi- 
nations of the brightness of different sections of the spectra of stars formed by 
prisms be made, but the black lines in the spectra of each star must also be 
carefuUy examined into, as aU the transcendant accuracy of modern optics 
depends on them. This instrumental method of reducing colour to brightness 
and place, in addition to the exactness of the numerical determination of which 
it is then capable, would further overcome a most important source of error, 
and one which has not been touched upon in all that has gone before; and 
would affect to its fullest extent the method of the ** senses,” namely, chro- 


matic personal equation. 

In the first volume of my Cycle of Celestial Objects, pages 302 and 803, 

I instanced what is now termed "ooloni blindness.” or the abnormal peculiarity 
of certain eyes in their being unable to distinguish colours correctly, and yet 
capable of proper action in every other use of them. Every one knows those 
violent cases of it where a person cannot distinguish green and red and other 
such egregious contrasts, and would not admit such a person’s observations of 
colour at all; but it is by no means so generally known as it should be, that 
a personal equation of greater or less amount exists in every case, and the 
reason of the &ulty colouring of so many artists is, that they reahyarenot 
aware of many of the refinements of colour; their eyes not perceiving them, 
their fingers cannot render them. In one of the most intense examples, how- 
ever, of this chromatic personal equation, although the person could not dis- 
tinguish so bright a scarlet as the flower of the pomegranate from the genume 
green of its leaf, I have had abundant proof that his eye was able to perceive 
brightness, independent of colour, as acutely, if not much more so, than the 
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generality of men. It should, howeTer, be observed that there is to the 
most normal vision a sensible presence of the red element in either violet, 

lilac, and the various hues indiscriminately termed purple. 

These, then, being the advantages of the instrumental method, we may 
hope that they will not be lost sight of. If it be true that the Government is 
about to send a large reflector to Australia to observe the southern nebulae, it 
might also forward another to a tropical region for observing the planets, and for 
making chromatic observations of the stars. The Australian telescope will have 
more work than sufS-cient with the nebulae, and the planets with their faint 
satellites will be low down in the north there while we have them low in the 
south here ; but the equatoreal telescope will have them in its zenith ; and 
it may be elevated on some table-land there far higher into the atmospbeie 
than the Australian one can be; a very important matter whore colours 
rather than brightness are concerned: for a want of the latter maybe coi- 
rected merely by using a larger aperture; but a distortion of the former, 
once introduced, is utterly irremediable. 



Violet. 

Indigo. 

Blue. 

Green. 

Yellow. 

Orange. 

Eod. 


Newtonian experiments on light and colours. 



CHAPTER vin: 


THE STORY OF v VIBGINIS. 


The very law which moulds a tear. 

And bids it trickle from its source, 

That law preserves the Earth a sphere, 

And guides the planets in their course. 

ItoOURH. 


In the brief mention whiob 1 made of double stais at pages 208-216, it 
ought, perhaps, to have been noted, that by the measurement of the angle 
which the meridian makes with a line passing through both components of 
the object under obserration, together with measures of the distance of the 
stars from each other, the form and nature of the orbit are determined : and 
of those compound systems which haye, to an almost conclusive conviction, 
been proved to obey the power of gravitation, none has attracted greater 
attention from the astrometers of the day than y Virginis. 

A detailed history of this very remarkable binary-star, one of the first 
recognised as a revolving system, was published in my Oyde of Celestial Objects 
in 1844. But, as the present volume wiH be before readers who have not 
seen that work, and in order to bring up the whole matter together to the 
present time, I shall commence this section with an entire reprint of my 
former account, with one or two slight explanatory additions; 

OCCCLVI. 7 VIRGINIS. 

j M 12b 33 m 33 » Peec. + 38-07 

Date 1840 J g qo 34^.3 S 19"-84 
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Position 11^-9 (« 6) Distance 1"‘6 (« 2) 


710-4 (« 6 ) 

l "-2 (« 8 ) 

63°-6 (« 1 ) 

not taken 

620.7 8) — 

l"-3 (to 2 ) 

48°-8 (« 6) 

l "-0 (to 2 ) 

46°-5 (« 8) 

0"-8 (to 2) 

15°-0 (to 5 ) 

0"-6 (to 1) 

round (10 9) 

round (w 9) 

rmind (to 9) — - — 

round (to 9) 

blotty (to 8 ) 

blotty (to 6) 

350°-9(«4) 

elongated* (w 

348°-6 (w4) 

elongated (to 

265°-4(«8) 

0"-6 (tol) 

235°-7 (« 8 ) 

0"-8 (to 2) 

, 217°‘2 (« 5) 

l "-0 (to 2 ) 

192°-8 (10 5 ) - 

. r'-9 («> 8 ) 

191°-6 (to 8 ) 

- l"-9 (to 6 ) 


Epoch 1831-38 
— — 1832-40 

1833-23 

1833-44 

1834-20 

1834-39 

1835-40 

1836-06 

1836-15 

1836-26 

1836-30 

1836-39 

1837-21 

1838-28 

1839-40 

1843-08 

1843-33 


A fine binary star, in Virgo’s right side, heretofore known as Porrima and Postoaria by 
Calendar .at,ans. A 4, silvery white; B 4, pale yeUow, bnt, though marked by Piam of equal 
magnitude with A, it has certainly less brilliancy; and the colours are not always^of tlio same 
intensity, but whether owing to atmospherical or otlier causes remains undecided. Hioy are fol- 
lowed by a minute star nearly on the parallel, and about 90" off. "With 3, and r), it formed the 
Xlllth Lunar Mansion, and was designated, &om its position in the figure, Zdwiyah-al-auwh^ the 
comer of the barkers. This most instructive star bears north-west of Spica, and is 16° distant, in 
the direction between Regulus and 7 Leonis, which are already aligned. A very sensible proper 
motion in space has been detected in A, and there can be no doubt of B’s standing on in tlic same 
course ; the most rigorous comparisons of recent observations afford the following values . 


Piazd M. — 0"‘72 Dec. -f 0"-10 


Baily — 0"-60 - 0"-02 

Argelander ... — 0"‘62 — 0"-02 

Main — (y''55 — (f’-Ofi 

Mddler — Cy'-54 + ff'-Ol ALB' 

2 


• This was the most puzzling of all my double-stai trialfl ; for, bo unexpected was the phenomenon, that I gazed 
long and intently before pronouncing it round in the month of January : and it was only on repeated scrutiny that 
I had an impression that the object was in rather an elongated form in April; which impression was confirmed by 
the 21at of May. The weights were, howeyer, added to the angle rather to substantiate my own conviction by tlie 
senses, than to attest accuracy of measure. About this time I received a letter from Dr. Robinson, of Armagh, in- 
forming me that he had no difficulty in elongating y with Sir James South’s large refiractor. 
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It was witli muclL gratification tiiat I watclied tliis very interesting physical object through a 
oonsidcrablo portion of its superb ellipse, and I was fortunate enough to attack it during the most 
critical period of its inarch. It is rather singular that, brilHant as these two stars arc, various 
occultations of y Virginis by tbe Moon have been recorded, without aUusion to its being double. 
So lately as the 20th March, 1780, the phenomenon was watched by nine astronomers; yet at Pans 
only, on that occasion, is mention made of one star being occulted 10® before the other. On the 
21st January, 1794, the occultation was observed by four astronomers; yet no one mentions 
dupheity. This is passing strange, because Cassini had, in 1720, perceived and recoidcd the two 
stars, noting that the western disappeared 30" before the other beliind the Moon s dark limb, but 
they emerged nearly together. He could not divide them with a telescope of eleven feet, but with 
one of sixteen they were well severed, and of equal magnitudes. He watched the hnmersion, which 
was oblique, with great care, hoping by refraction or discoloration to detect a lunar atmosphere; but, 
though the circumstances were favourable, ho perceived no symptom. Yet the observation wop 
held to be of unpoitanco, for, by enlisting that able astronomer and Bradley, Sir John Hcrschcl 
considered that he gained some useful points in the orbital departure ; and the results of more than 
a century previous to my measures, may be thus diortly stated: 


Bradley and Pound . . . 

. Pos. 160°52' 

Dist. caret 

Ep. 1718*20 

Cassini 11 

. caret 

7"'49 

1720*31 

Mayor 

144°22' 

6"-60 

175G-00 

Herschcl I 

130®44' 

5"-70 

1780*06 

Horscliel II. and South . 

103°24' 

3'''79 

1822*25 

Struve 

98°18' 

2"-28 

1826*42 

Dawes 

78°15' 

I— 1 

o 

1831*33 


A mere inspection of tlic conditions below staled, shows the vast acceleration of the revolving 
star on approaching its poiiastro, and the retardation of its getting away again. These are the 
n tTmiH,! rates of angular retrocession : 


Mayor . • • 

0°*43 

1756*00 

Smyth . . 

17° 37 

1834*39 

Hcrschel I. ■ • 

0°*67 

1780*06 

. . 

30°*20 

1835*40 

H. II. and South 

0°*64 

1822*2'5 

. . 

round 

1836*06 

Struve . . ■ 

1°*69 

1825*42 

. . 

26°‘78 

1836*39 

Dawes . • • 

3°*39 

1831*33 


26°-55 

1837*21 

Smyth . . • 

6°*43 

1832*40 


22° 01 

1839*40 


9° *40 

1833*23 

. . 

. 16°*62 

1843*08 

. . . . 

15°*25 

1834*20 

. . 

. 6°*63 

1843-33 
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Aa the rigorous observations and computations of this object must bo deemed a sort of eaperi- 
mentum cruds of tbe sidereal connected systems, I may be excused for entering into rather fuller 
details of the detection and establishment of so wonderful an elliptic motion, than 1 have yet indulged 
in among the binaries; and it will thereby serve as an example of the method of procedure with 
those interesting objects. 

The various observations were most ably and zealously discussed by Sir John, and treated in a 
straightforward, geometrical mode, so as to be widely available ; os vrill be seen on consulting the 
Fifth Volume of the Memoirs of the Royal Astronomical Society. The method is equally novel and 
ingenious. Assuming that the motions of binary stars are governed by the universal law of gravita- 
tion, and that they describe conic sections about their common centre of gravity and about etich 
other, he was bent on reheving their discussion from the analytical difficulties attending a rigorous 
solution of equations, where the data arc uncertain, irregular, and embarrassing. Measures of posi- 
tion were to be the sheet-anchor; for distances, with the exception of the major semi-axis, were 
peremptorily excluded from any share of consideration in die investigation, because of their noto- 
rious looseness and insecurity. 

“ The process,” said he, “ by which 1 propose to accomplish this, is one essentially graphical ; 
by which term I understand, not a mere substitution of geometrieal construction and measurement 
for numerical calculation, but one which has for its object to perform that which no system of calcu- 
lation can possibly do, by bringing in die aid of the eye and hand to guide the judgment, in a case 
where judgment only, and not calculation, can be of any avail.” 

Under the assumption, therefore, that gravitation governs, and one of the components revolves, 
while die other, though not necessarily in die focus, is at rest, the curve is constmclod by means of 
the angles of position and the corresponding times of observation; and tangents to this curve, at 
stated intervals, yield the apparent distances at each angle, they being, by die known laws of cllip- 
iical motion, equal to the square roots of the apparent angular velocities. 

Thus armed. Sir John proceeded with the orbit of <y Virginia. From die above positions and 
epochs, with interpolated intermediates, a set of polar co-ordinates was derived, and thence, for the 
apparent ellipse, the following elliptical elements : — 

Major semi-axis , . ' 5"'862 

Position of major semi-axis 67° 20' 

Excentricity . O' 70332 

Maximum of distance ...... 9"'423 

Position at the maximum distance . . . , 218° 55^ 

Minimmu of distance 0°’514 

Position at the minimum distance . . . . 1° 15' 

Date of next arrival at minimum distance . . . 1834'39 

Greatest apparent angular velocity . , . — 68°'833 

Least apparent angular velocity . . . . — 0°'193 

The next process was to obtain the elements of the real ellipse, and the whole consequent inves- 
tigation is so succinctly described in the paper alluded to, that any zealous tyro may tread in the 
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same steps, with a little attention. The results, together with a comparison of the elements and 
observations up to the period of the computation, and an ephemeris of the system for tire years 1832, 
1833, 1834, and 1835, were inserted in the Supplement to the Nautical Ahnanuc for 1832. But, 
finding a discrepancy between the meavsures then obtained, and the places predicted, Hcrschel, 
nothing daunted, again took the field, and recalculated the orbit, as described in the Sixth Y olume 
of the Astronomical Memoirs. In tliis process, my measures of 1832 and 1833 were included, and 
the two conclusions stood thus : — 



1831. 

1838. 

Major semi-axis 

0 

CO 

cp 

1 — t 

12"*090 

Poi’ibclion projected . 

17°5P 

36° 40' 

Exccntricity 

()-88717 

0-8335 

liicliiiatiou to plane of the heaven 67° 59' 

67° 02' 

Positioii of node 

87° 50' 

97° 23' 

Mean annual motion 

. — 0°*70137 

. — 0°-57242 

Pemod in tro])ieal years 

513'28 

628-90 

Poriliolion jiossage 

1834*0] 

1834-63 


In giving the first part of these remarkable elements to tlie astronomical world, Sir John 
said: — 

“ If tlu'.y 1)0 correct, the latter end of the year 1833, or the beginning of the year 1834, will 
witness one of the most striking phenomena wliich sidereal astronomy has yet afforded, viz. the peri- 
helion passage of one star round another, withtlio immense angular’ velocity of between 60° and 70° 
per annum, that is to say, of a degree in five days. As the two stars will tlien, however, be within 
little more than half a second of each oilier, and as dioy arc both large, and nearly equal, none but 
the very finest telescopes will have any chance of showing this magnificent phenomenon. Tlie 
prospect, however, of witnessing a visible and moasurablc change in tlie state of an object so remote, 
in a time so short (for, in tlie moan of a very great number of careful mousiu’es with equal stars, a 
degree can hardly escape observation), may reasonably bo expected to call into action tbc most 
powerful instrumental moans which can bo brought to hear on it.”* 

And Sii’ Jolm’s projected ellipse, drawn through tlio etuly alignments, was this — 


* Iloru I cannot but append the elements of Mildlor’e corrected orbit, as they appeared in the Borpat Olsei’va- 
tions for 1841 ; the equations of condition being solved by the method of least squares — 


Perihelion passage 

. 1836-813 

Node 

60® 38' 

Perihelion from nodo 

78-22 

Inclination 

24 89 

Exccntricity 

. 0-86815 

Mean Annual Motion 

. — 148'-453 

Period 

. . . . 146y'''-409 

Semi-axis Major 

3"-402 


2x2 


j 
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From the extreme delicacy of so novel a case, all the conditions were not yet met, so that this 
hold prediction was not circumstantially verified, although it was admirably con’cet in siibstancn. 
Whilst rushing towards the nearest point of contact, or shortest distance of the revolving star from 
its primary, and the proximity became extreme, tlie field was left, as far as 1 know, to Sir John 
Herschel at the Cape of Good Hope, Professor Struve at Dorpat, and myself at Bedford. Our 
measures afforded unquestionable proofs of the wonderful movement under discussion ; yet they 
certainly exhibited greater discrepancies dian might have been expected Irom the excellence of the 
instrumonts employed. But the increased angular velocity which so eccentric a star acquired when 
gaining its periastre, and the closeness of its junction, rendered the operations cxti’omcly difiicult; 
added to which, the brightness of two such stars was BufScient to call forth that disadvantage, arising 
from the inflection of light, which the wire micrometer labours under, and wliich interferes in the 
exact contact between the line and the luminous body. 

The accelerating velocity of angular change was thus vigilantly watched, until the commence- 
ment of the year 1836, when an unexpected phenomenon took place. Instead of the appulse which 
a careful projection drawn from the above elements had led me to expect, 1 was astonished, on 
gazing at its morning apparition in January, to find it a single star I In fact, whether the real discs 
were over each other or not, my whole powers, patiently worked from 240 to 1200, could only 
make the object round. I instantly announced this singular event to my astronomical friends, 
but the notice was received with less energy than such a case demanded; none of the powerful 
refractors in this country were pointed to it in time; and it is to be regretted that we had not the 
benefit of the imexcelled Dorpat telescope’s evidence at the critical epoch in question.* This state of 


* This was the first instance of a sidereal occultation that has been -witnessed, and it still remains so. Several 
other double-stars, we know, must have performed a similar eclipse, but they were not caught in the fact. 
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apparenli singleaess may have existed during the latter part of 1835 ; for, ■when I caught it, as may 
he seen in the observations above, it was very near a change. At length, about the beginning of 
Jizne, 1836, a letter airived from Sir Jolm Herschel, addressed to Mr. Baily, wherein he detailed 
his observations on the single state of this star at 'the "villa of Feldhausen, Cape of Good Hope, in 
his twenty- foot reflector. Under the date of February 27 th, ■that unwearied astronomer says: 

“ 7 Vii’ginis, at "this time, is to all appearance a single star. I have tormented it under favour- 
able circumstances "with the highest powers I can apply to my telescopes, consistently 'with seeing a 
weU-defined disc, till my patience has been exhausted; and that lately, on several occasions, when- 
ever the definition of the stars generally, in that quarter of the heavens, would allow of observing 
■with any chance of succesB, but I have not been able to procure any decisive symptom of its consist- 
ing of two individuals.” 

The companion now took such a movement as quite to confute a large predictive diagram which 
I had constructed, showing that the orbit was extremely elongated, more like a comet s "than a 
planet’s; which gave me a suspicion tliut wehad been looking at the cUipsc the "wrong way. Here- 
upon 1 rctixrncd to the Hcrschclian process to obtain the elements of the apparent and the true 
ollijise with my new measiu’os, but could neither accommodate the period nor arrive at any satis- 
liictory conclusions. Wlien, therefore, M. Mluller’s masterly computations appeared in the 
Asironomwche Natihrichien, my views were greatly countenanced; but, with a full value for tlic 
talent and zoid of that astronomer’s process, I was still anxious for Sir Johu Herschel to return to 
Ills own iicld, and meet the apparently unaccoiuitable informalities which still remained. Having 
made a request to this e fleet, he replied:— 

Maugre I cannot yet send you any finalities about 7 Virginis, yet to prove that I have not 
been quite idle, I "will state one or two general conclusions that a projection of all the observations 
has led mo to, preparatory to exact numerical computation. 1. Wc arc all w’ong, Miidlcr and all 
of us, and it is the early observation of Bradley in 1718 which has misled us. That observation is 
totally incompatible with any reasonable ellipse, and must be absolutely rejected. Had it not been 
for my respect for that single observation, J should have got very near the true ellipse in ray first 
approximation. 2 . The period is shoi-t of one hundred and fifty years. My conjecture, antecedent 
to any exact calculation from my pvojiiction, is one hundred and forty-three, which is considerably 
loss tlum the least of Mlidlcr’s, and beyond his assigned limits of error. 3. I suspect Miidlcr s pen- 
helion to be half a year too early, and that tlie true perihelion passage took place at 1836’G or there- 
abouts. We shall get on better now that we have Jbund out the black sheep.” 

Thus duly au'thorised, I attacked the orbit again, rejecting, with some regret, Bradley, Pound, 
Cassini, and Mayer, and assuming 1^’s observations of 1780 as the point of departure. Jaking, 
therefore, the epochs from that date to 1843 for abscissro, and the observed angles for ordinates, a 
fresh set of periods was obtained, through which the interpolating curve was led on a very large 
scale.* From tire mterpolated positions coiresponding to the assumed dates between 1780 and 1843, 


• Sir John Herschel inrorms me, that he has disused the method of drawing tangents for the angular velocities. 
The substitute is a closer reading off of the curve, equalising the differences on paper, and thence deducing the 
angular velocities by first and second differences (if needed) ; but first will generally suffioe. 
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the intervals being first decennial, then quinquennial, and afterwards more mpid still, the angular 
velocities were concluded, and by their aid the distances as radii vectores. These positions and dis- 
tances were laid down ft’om the central star as an origin of polar co-ordinates. Now, though this 
is a simple and merely graphic process of obtaining the elements of both the apparent and true 
ellipse, and is liable to shakiness, it undeniably shows the physical fact of a highly-elongated orbit; 
and several of the conditions prove that, notwithstanding the present anomalous diiTcrcnces, we are 
arriving near the mark. It is singular how all the determinations of the excentricity have agreed 
thus: — 

F'irat orbit. Second orbit. First orbit. Second orbit. 

Encke . . . 0'890 0-860 Madler . . . 0-864 0-868 

Herschel IL . 0-887 0-834 Smyth . . . 0*883 0-872* 

As the ellipse projected by Sir John Herschel, under all the epochs, has been given, the reader 
may like to sec the figure produced by the Bedford observations — ^prolonged from Sir William’s 
first date — which yields a period of about one hundred and eighty years. 

0 



• In order to bring this very important condition under one view, I wiU here subjoin some of the determinations 
since arrived at, namely— 

Henderson . . , 0"'8S90 Smyth (Bedford only ) , (^'*8682 

.... 0"-8566 Herschel f Cape observation ) . 0''-879d 

(Bedford only) . . o"’8804 (last) . . 0"-8860 

Smyth . . . (y'-872fi Adams .... (V'-srSfi 
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As tlie resulting elements, though, better, were still unsatisfactory, I ■was about to take another 
point of departure and try again, when I received a letter from Sir John Herschel, dated Colling- 
wood, 9th July, 1843, of wliich the following is on cjctract: — 

“ T wrote to you last that I could not make Bradley’s observations agree with any ellipse con- 
sistent with the later observations, and tlmt Madler’s elements, which assm’nc the correctness of that 
observation, are inadmissible. I have now satisfied myself that this is really the case, and that 
Miidler’s period admits of being yet reduced. But BtiU. it is nccessaiy to suppose materially greater 
errors in one direcLion over the whole interval 1828, 1829, 1830, 1831, than I quite like. Tlie mean 
of Dawes’s and my own measures, however, is on the whole exceedingly well represented in all the 
critical and puzzling part of the orbit corresponding to 1830 — 1834 inclusive. Your observations 
of 1831, 1832, and 1833, ofler discordancies of +2°, +2|°, and +3°, which are, considering the 
then considerable clo.soneBS of the stars, not more than might well be committed. But Struve’s are 
quite incx])licabl(! ; his errors, supposing the orbit correct, run thus: — 

1825 1828 1829 1831 1832 1833 1834 

+ 1° -H3° +3i-° +4-1° +6°, +7° +6° +7-^° 

after which the deviation ceases. 

“ On the whole I consider the proofs of gi'avitation afforded by this star quite satisihotory. It is 
true that J am fo]*c('<l to admit an error of — 3-1-° in my father’s measure of 1781, and an error ex- 
ceeding 2° in the siunc direction in liis subsequent mean result for 1803 ; but when I recollect what 
sort of micrometer and apparatus he used, 1 am not <liBposcd to quarrel with those. 

“ I am not satisfied with my inclination and node, and tlicrc is still a tendency in the curve of 
the star, il' your measures of this year bo correct, to run away ftom its proper course, to holt} which 
leads me to believe tliat these elements are not yet so well detennined as T hope to get thorn. Your 
ellipse from the Bedford observations is a very beautiful one, but I have not yet compared your 
elements with tlie observations. 1 am somewhat surprised at the length of your period, as 1 find 
one liuu(h’c<l mid twenty-six years represents the moan of all tlie observations (including Struve’s) 
on the wliole well. I have been chiefly attending to improving the method as a working one, and 1 
am preparing a paper on the subject, in which tlie orbit of 7 ■will occur in exemplification. Wliat I 
aim at is, a direct proceas leading to the separate correction of each element, in place of a turmoil of 
calculus on the principle of least squaj'cs, which in cases of such discordant observations is, if not 
illusory, at least umiccossarily troubhisonu!.” 

The inquirers into binary systems will yearn lor the coming of this discussion; meantime, to 
use on expression of Pliny the Younger, I am fortunate in my heliacal vising, since what I have 
here slated may be of a little interest, before it shall be obscured and eclipsed in Hersohers brighter 
'eminence (see Appendix, No. III).* 

One word more. To those who are earnest upon cither of those to]')ic8, I submit a diagram of 


* Three years afterwards, Sir John’s elaborate orbit appeared in ■the noble volume—** Results of Astronomical 

Observations made during the years 1884-8, at the Cape of Good Hope. Being the completion of a telescopic 
survey of the whole surface of ■the visible Heavens, commenced in 1825.” 
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wliat I saw myself, wHch, may render tlie aboye details more evident : — 

1843‘33 


1831-38 1834-20 



1836-06 


1836-39 1838-28 

* 


1 " 0 " 1 " 2 " 3 " 

Imiliml I I I 



Such, a phenomenon has had more discussers thn.Ti beholders, so that astute doubts have boon 
flung out of these stars being amenable to gravitation, whether their angular changes are reducible 
by the laws of elliptical motion, whether the period be a little longer or shorter, and all that. Nay, 
with such unquestionable instances before the world, and at the very time that admiration was 
incited in every reflecting mind, a blundering Zoilus, who, had he flourished at an earlier ago, might 
have figured at Gahleo’s trial, was permitted to stain the Church of England Quarterly Eeview, 
April, 1837, p. 460, with the following Boeotian attempt at sprightliness : — 

“ We have forgotten the name of that Sidrophel who lately discovered that the fixed stars were 
not single stars, but appear in the heavens like soles at Billiiigsgato, in pairs ; while a second astro- 
nomer, under the influence of that competition in trade which the political economists tell us is so 
advantageous to the public, professes to show us, through his superior telescope, that the apparently 
single stars are really three. Before such wondrous Mandarines of Science, how continually must 
hommottU like ouisolves keep in the back-ground, lest we come between the wind and their 
nobility.” 

This plural unit must truly bo, so far as education and intellect are concerned, the downright 
veritable homunculus he has written himself. 

The would-be wit, however, though quite as ignorant, is perhaps less malignant than a follow 
reviewer, who must needs meddle with works beyond his ken. This stultified Bavins asserts, tliat 
it best suits with the knowledge we possess of our finite understanding, and with the purport and 
end of our being, to refrain from silly speculations which may perplex, but can never satisfy, the 
mind. He holds it both vain and wicked to attempt to probe the infinity of space, and decries Sir 
William Herschel’s estimate of the magnitude of the nebula in Orion, as a speculation to confuse 
rather than instruct the mind. Tliis man is susceptible of very groat improvement before his 
opinions command respect. So J&,r fi-om science being daring and proud, as ho assorts, there are 
abundant reasons for it to feel humbled ; but the effusion in question shows the proper nursery of 
those qualities. 

For he that has but impudence. 

To all things makes a fair pretence. 

In strict accuracy, I sliould here state — ^though risking a repetition— that 
the magnitudes and colotirs above given of the components of y Virginia, axe not 
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quite satisfactory, inasmuch as I have often been under the impression that the 
southern star is the brighter of the two ; while the tint of the northern one has 
sometimes bordered upon pale violet, the opposite of yellow. I must now detail 
the occurrences which have taken place since the above was printed, 

While the Cycle was in the press, my much-regretted friend the late 
Professor Henderson, of the Eoyal Observatory at Edinburgh, called upon me, 
and looked over several parts of the manuscript ; on which I drew his atten- 
tion to some of the binary systems, and promised to send him a proof-sheet 
of the above the moment it should be printed. After forwarding the same, I 
received a letter dated November 18th, 1843, which is so matefial to the “ Story” 
from his skilful handling of the subject, that I cannot but reprint it here : - 

Ton will no doubt tliink me very iuattontivo for not sooner replying to your letter of 
17 tb October; but when it arrived, I was immersed in work of different kinds; not only tliat of 
the Observatory, auffoiont when well performed to take up my whole time, but other avocations 
wliich had hcon aeoumulating from my absence and other causes. But I never lost sight of your 
communication (for which 1 am much obliged, as it Ixas forced me to study a subject which 1 had 
previously road only in a oursoiy manner), and expected horn day to day to commence its invosti- 
gation. But it has only been during tbo last week tliat, by dovoting every spare hour to it I have 
satisfiod myself regarding it, ’ 

The determination of the orbits of double stars from observations presents practical difficulties 
in consequence of the great comparative errors to which the observations arc liable. The problem 
is a siiuUai' one to that of the orbits of comets deduced from the most rough estimates of thoir 
positions, perhaps erroneous to the extent of 20 ® or 30®. Cases suoli as these have frequently 
ooemted in the determination of orbits of ancient comets; and it has consequently happened that 
different investigators have obtaiued orbits that bear no Tcsemblanco to each othor. 

The oldest observation of thd douhlo star 7 Tirginis that wo havo, is that of Poimd and 
Bradley in 1718. Sir John Horschcl has from it obtained tho angle of position 160® 62'. (Memoirs 
Astronomical Society, vol. v. p. 36.) By trigonometrical calculation I find that in 1718 the great 
circle joining u and 8 Virginia was inclined at an angle of 163° 33' to tho hprary circle passing 
through the middle point between them, If we correct this by the quantity mentioned by him, we 
obtain 160® 50' for tho angle of position of 7 Virginis, ohsorved at that epoch. 

Hie next observation is that of tho lunar oooultation in 1720, observed by Cassini The 
moon was then within less than twenty-four hours of the full, aud although the actual immersions 
at the dark limb were no doubt observed, I do not believe it possible that Cassini saw tho actual 
emersions from tho bright limb. Indeed, his words do not hear this meaning, but rather that at a 
certain moment he saw both stars emerged and parallel to the moon’s limb. This of itself implies 
that the stars were at a small distance from the limb. Besides, tho occultation was one of short 
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duiation; oonsoquontly, tho stnis apparently passed near the top or bottom of the moon s disc. In 
snob sitnation stars that wore aeon parallel to tJio moon’s limb oonld not omorgo at tbo same momo . 

It may be proper to have diis oeoultation recomputed, in order to aseertem wbotber tbo ealoalated 
relatiTe positions of the two stars satisfy the conditions of their immergmg at tbo two momonte 
indicated by Cassbti, and of tbeb being parallel to the moon’s limb and at a small distaeo b om it, 
at the other time mentioned. But it is prebable that the unavoidable errors of the Lunar lablos 

may hayo too irreut intluciice on the result. , • 

men a good stock of observations has been obtained, I believe that, m order to obtain the 

most probable orbit, we should proceed in a manner similar to tliat adopted for comets and planets. 

In the first place, from the requisite number ol* observations to be selected Irom tlic slock, obtain im 
approximate orbit, to be al'terwards corrected so as to represent, as nearly as possible, and witlun 
the limits of the probable en'ors, all the observations. In the first part of tho process, llersche s, 
Encke’s, or Savary’s mediod may be obtained, and distances must be employed, cither uetiially 
observed, or deduced from the angular velocities; for an attempted solution of tho problem at this 
stage, dependmg on angles of position alone, would speedily end in a complication ol transceiulimtal 
equations quite unmanageable. If the distances are obtained from the angular yelociiios, then 
according to a remaa-k of Enckc, the angles of position from which the velocities arc de(lue.ed 
should be taken at intoiwals of time neither too great nor too small. I should say that wo cannot 
depend on the angular velocity of 7 Vu-ginis obUiiued Irom Sir WUliam Ilerschol’s ohsorvaLion ol 
1781; for, not only is it separated from the next of 1802 by too groat an interval, but it hits no 
proper one preceding it to give co-operation. I would rather rely on die observed distancAi o( 1781. 

Wlicii an approximate orbit has been obtained, the dilTorcneos between tbo angbjs ol ])osition 
computed from and observed give tho materials for obtaining a sot of six nonnal angb^s, (rom wliieh 
a better orbit may be determined. This is the second part of the process, and it may r(>,st on anghw 
of position alone, if the distances are considered to be unsafe in tho circumBtances. d'he incthofl of pro- 
ceeding which 1 prefer is that of Miidlcr, in No. 303 of AstronommU Nachrichten, Six ('(pmtious are 
foi-med expressing the relations hotween die diflercnccs of the observed and computed normal places, 
and die coiTCctions of the cloniente necessary to be applied in order to make thesii dllTlirtmc.es 
pear. The solution of these equations gives die required corrections of the elements; but, should 
they tuim out considerable, in which case the values of their co-elficients in the lajuations may not 
Imvc been got with sulficicnt accuracy, it will ho adviseablc to repeat the proceas, starting now 
from die elements con'ccted. Tho requisite calculations, if more than one rcipetition is not 
necessary, arc not laborious, for tho calculations arc easily made, and great precision need not be 
effected. In place of Miidler’s expressions for the coefficients of A e (the correction of the ex- 
contricity), A fJt> (the correction of the mean annual motion), and A T (the coiTCctiou ol the time 
of perihelion passage), 1 have employed those given by Gauss in the Theoria Moim Corporim 
Cailestium. Indeed, the calculations are so simple, diat in the case of more ohsijrvatinns than 
six but not too numerous, the method of minimum squares may bo applied to them all; for il’ tho 
proper weight can he assigned to each observation depending on its probable error, die orbit to 

represent best all tho observations will bo obtained. 

I have applied this second part of the process to six selected observations of angles of position 
of 7 Yii’ginis. I assumed for the approximate orbit Madler’s corrected one in the No. of 
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Astronomischc NachrichUn rcleiTccl to. Several repetitions would Imvo been si)arcd, if J bad started 

Irmn his more correct one given in No. 452 A&tronomische NachHchtm. riowcver, J at last ob- 
tained the following orbit : 


Time of p(irihelion passage .... 1836‘29 

Mean animal motion ..... 2° 3()''59 

Ex-eentrieity 0-8590 

Perilielion on orbit . . . ^ 319° 23^ 

Inclination . . ... 23° CV 

• • • . . ... 70° 48^ 

Time of revolution 143-44 yearn. 


The following is a comparison between the observed angles of position and tliosc computed in 
this orbit; 


OatQ. 

An^lo 

ubborvud. 

AubIo 

ouiupuUid. 

nifl’oroncu. 

Oliaurvor. 

1718-2‘i 

n / 

150 50 

Q / 

161 16 


O / 

10 26 

Pound and Hradloy. 

I7fl(;*29 

144 22 

141 1 

+ 

.3 21 

Mayor. 

1781'89 

1.30 44 

130 44 


0 0 

Herscliol 1. 

1808-20 

120 19 

120 21 

— 

0 2 


1822-2fi 

108 24 

103 17 

+ 

0 7 

llorsohol M.and South. 

1825-82 

97 24 

97 58 

— 

0 34 

Struve and South. 

1 828 80 

91 0 

90 26 

+ 

0 34 

lloruoliel 11. and Struvu. 

1828-80 

88 0 

87 18 

+ 

0 42 


1880-38 

82 5 

82 53 

— 

0 48 

Iloi-Holiol II, 

1881-38 

74 54 

77 41 

— 

2 47 

Smyth. 

1882-40 

71 24 

70 42 

+ 

0 42 


1888-84 

08 9 

61 21 

+ 

1 48 


1884-80 

47 9 

46 27 

+ 

0 42 


188,5-40 

15 0 

11 56 

+ 

3 4 


1837-21 

265 24 

266 8 

— 

0 44 


1888-28 

285 42 

235 26 

+ 

0 16 


1839-40 

217 12 

218 2,3 

— 

1 11 


1843-20 

192 12 

192 38 


0 26 



Th(i first two diirercnecs are perhaps not greater than might be expected from the modes of 
observatiou. The greater (lilleronce of 1831 is ovidoutly owing to an orror of observation,* while 


* an&rtunalaly it was an error of the press, for Hen.Wn worked iiom the pr,K,f-8l,eet which had been for- 
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that of 1835 may be aocomted for by tbo extreme difficulty in the meaBuromeut, otring to the 
doBcueas of the stars. I have not cemputed the obsorvaiion of 1836, us it must bo liable to a very 

considerable error. i i +i 

These elements appear to be now so correct, tliat I believe they may be saicly employed as the 

groundwork of ftiture investigations. They differ very slightly ffom Miidler’s last elements given 

in No. 452 of Astronomische Nachrichten, as the following comparison shows: 


Time of revolution . 

Mean annual motion . 

Time of perilielion passage . 
Node . . - • 

Inclination 
Perihelion 
Ex-centricity . 


MlUUur. 


145’409 years 
— 148'-4fi3 
1836-313 
GO" 37'-6 
24“ 39 -2 
818° 69'-7 
0‘86B15 


IIondorBou. 


143-44 years. 
150 -59 
1830-29 
70“ 48' 

23“ 5' 

319“ 23' 
0-8590 


Tlio difference of 10° in the position of the node produces scarcely any sensible ellect ui the 
computed angles of position. Hence the place of the node will always be subject to uncertainty. 

1 have not computed the value of the semi-axis major. Tins is to bo done by comparing tin* 

observed and computed distances. ^ _ . . . , , 

The agreement between the observed and computed places is such, that in my opinion it shows 
satisfactorily that the motions of these stars are subject to the Newtonian law ol ^uvitatioii. 

The result of tliis investigation has given me great couHdeuce in MUdlcrs results for othei 
stars. In this instance ho has gone tho right way to work, and has obtained a good result. 

P.S. I omitted to say that the six angles of position from which I computed th(! orbit are 
those of 1781, 1803, 1822, 1835, 1837, and 1843. 1 also omitted to say that Mayer observed a 

lunar occultation of tlic two stars, on April 3, 1757. (Mayer’s Obsciwatious, Part 11.^ j). 18.) Im- 
mersions at the dai'k limb— interval between the two immersions 16 soconils. 'Ihis oliservution 
may yet be calculated. Madlor’s last elements, as given in No. 452 of ABtronomische, NacIMlcn, 
-are adapted for angles of position numbered 180°, differently from yours, Hcrschers, &c. 


warded. My attention was called to it by a correspondent’s asking Sir John PhUippurt, tlio Editor of tliat useful 
publication the United Service Journal, which angle of position he was to trust to -that publislied in las “Number 
for December, 1837, or that printed in the Cycle of Celestial Objects in 1844, the one being 77° 54' imd the 
other 74“ 9'? ” It was most vexing, not so much that a compositor should mistnke a 7 for a four, but that we shoidd 
not have detected it in correcting tho press I Happily all’s right in Sir John Herschel’s splendid orbit for 1845. 
The observations of 1836, as I have already remarked, formed a case of extreme diOieulty,— for the eyes of one or 
two friends who were consulteil, could only pronounce the object to bo single. 
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Prom tliGse statoments, whiclij except to astrometers, I fear are somewhat 
lengthy, it is manifest that, though the several deduced orbits of this system 
represent, with more or less accuracy, the observations made use of, they differ 
very materially in otlier respects, especially in the period of revolution; and 
that, notwithstanding all the labour expended on the inquiry, considcrahlo doubt 
lemaincd as to the computed elements. Even under my own operations, tJie 
period varied from one hundred and thirty-five to one hundred and ninety-six 
years ! Still a truly important point was carried, and a signal advantage added 
to physical science, in that the elliptic motion of the binary was completely 
established. I shall there! ore proceed with the further scrutiny of the pro- 
gressive movements; but, as this “Stoiy’’ pertains to Bedford and Hartwell, 
those operations only will be noticed which, so to speak, were personally con- 
nectedal — though the high value of the lucid investigations of such pliilosophers 
as Eucke and Madlcr are held in the warmest admiration, and the measuriis 
oi* the Continental astronomers duly respected. 

In strictly examining the contending deductions of the several ellipses, 1 
could not but be forcibly struck with tlio uncertainty oJ* oven the apparently 
best micrometrical mcjisui’os; and the inter-comparisons above noted, indicate 
pretty plainly that full confidence cannot yet bo i)lacod upon any of them. 
TJie importance of tlie whole question to Sidereal Phy^sies was so obvious, that 
I was induced to continue my observations as a contribution to the mass of 
measures wliicli the case still demands ; and it becoming palpable that accurate 
and satisfactory elements are only obtainable by the unremitting exertions of 
various practical astronomers, I addressed a letter to the lloyal Astronomical 
Society in May 1815, showing tho necessity of following up y, because that 
remaikable system promises to bo comparatively to double-stars, what Halley’s 
comet is among that class of bodies. Tho mean results of tlio measures wliicli 
I then handed in, gave tlie following places — 

Position 185“23'-3 (wG) Distanod 2"‘10(w4) Erooii 1845-34 
Soon after this was published, namely in July of the same year, I hud 
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the gratification of receiving a letter from my indefatigable friend J. R. Hmd, 
inclosing the following orbital elements of y Virginis . 


Pcrilielion passage 1836’228. 

Perihelion on the orbit . . ■ .319° 46'* 1 

Node 78° 28'-4 

Inclination .... 25° 14' '1 

Eccentricity 0*85661 cf> = 58° 56'*3 
Mean annual motion — 152'*87 1 


Period 14ly>^297. 

For the calculation of the angles of position in this orbit, we have: 

u — [3-46905]. sin. u = [2*18433] (1836*228 — t) 
tim, 4- V = [0*55609]. tnn. ^ u 
tan, (^—78° 28'-4) = [9*95644] tan. 42'*3 

u being expressed in minutes. 


Th<! cipoclis employed and the errors of my elements are as follows: — 


i obsorvod. Oouip. — olworvutl. 

Ueuhciiel I. . . • 1781*89 130° 44'*0 — 1-'*H 

. . . 1803*20 120° 19'*0 — P*7 

Heusohel II. and SouTU . 1822*25 103° 24'*0 4.3'*5 

Dawes .... 1831-33 78° 15^*0 4*6'*8 

Captain Smyth . . . 1838*28 235° 42''0 +9*H 

, . 1845*34 186° 23'*3 — 5''6 


Thu smns of the sctuarcs of the errors in my orbit = 243*0 
In Mr. Hendehsoh’s orbit =: 689*0. 


The conditions thus kindly furnished, indicated that the various compu- 
tations were now approaclnng something bordermg on unanimity in the 
periodic time of perihelion ('pericisier ?), the last point to arrange ; while that 
very important element, the ex-centricity, was evidently near the mark. So 
far so good ; still, in order to aid the ultimate settlement of such a desideratum 
to the utmost, I repaired to my post during the two following apparitions : 
and these were the obtained results : — 

Position, 182° 58' 7j; Distance, 2"*6 (w 4) ; Epoch, 1846*39. 

181° 52' (we); = 2"*6(«6); 1847*41. 
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Although what had been achieved in several quarters would now admit 
of an interval from work taking place, I again angled to get hold of a plausible 
period ; for that element had hitherto proved so precarious, as seemingly to 
carry an inherent uncertainty into the prol)lem. Throughout the i)roceodiuga, 
the conformity of the elliptic motion to the great law of gravity is assumed ; 
and, in order to arrive at speedy conclusions, ncrschel’s graphic method of 
drawing tangents to an interpolating curve struck mo as being at least equal 
to our present power of observing. To be sure Sir John had, as T have said, 
abandoned the use of tangents : and he recommended me an easy and simple 
numerical process, which docs away with the errors incident to the laying 
down ol angles, and the problem becomes merely one of conic seqtioiis. llis 
letter— dated CoUingwood, 20th April, 1847— is so truly interesting in an 
astrometrical light, that I cannot but take the liberty of hero inserting it 


Kiral, jiiul forcimost lot mo moution that iu tho shoot I scut you about 7 VirgiuiH, ptigo 29f), thoro 
isavihiomitum-tho somi-axia ia stated 9"'6y (owing to an unroduco<l value of a having slipped 
into till' copy instead of the reduced one). The real value is which agrees well with youi-s; 

9"‘09 must have sUirtlcd you, ua it did me when I came to refer to it. 

Next let me observe that your new orbit, 1 mean the fu-st you give iu your note, docs not 
so very far doviaU! from mine — for you make your X + SI =269 17 + 48 66=318 13 
and I make it 313 45 + 6 33-319 18 


and both (tluj inclinations being small) are not I'ar in their value from tt, which in your orbit is 
319° 46', and in mine comes out by fonnulu tan. (tt — SI) =eoa. 7 tan. \ 


7r=32l0 48' 


* 

and I hold it for certain that this value cannot well be more than a degn'c or two wrong, 
how X, + has a r(>.markublo flxjty. — Sec how the orbits mu in this nispeet 


Henderson’s + A, =: 

. 319“ 23' 

Jihad’s ...... 

. 319“ 46' 

My last 

. 319“ 18' 

Marller’s Aat. N. No. 452 . 

. 319“ O' 

M tidier (letter of Sep. 29, 1845) 

. 320“ 20' 

Your first orbit in this note 

9 

00 

Your second do. 

. 319“ 


Auy 


* My position of perihelion in tho orbit which follows = 319“ 46', and is the olomoiit quoted by Sir John 
jn the second paragraph of this letter. 
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Eeally tliis is very remnjkable. Quite as much so as the exceeding correspondence ol all the 
excentricitics. 

The real difficulty is and always will be about St ^-ud y. •re 

men tte indination 7 is under 30° or tkeroalrouts, this dlffioulty wiU always arise. In l.aet 

if y be very small, botli 7 and St become indeterminate. ^ . •(> in 

The provoking thing is the excessive latitude of P. And on this point I question il we s la 
come to any correct conclusion, till a revolution has been nearly aocomplished. 

Mr. Dawes sends me as the results of his measures with the Munich telescope:— 

1847-27, 0=182° 2'. Dist.=:2''-63. 

Capt. Jacob’s measures, in a former note of yours, give:— 

1846*32— 0:= 182“ 12'. Dist.=2"*89. 

mean 1846-795— 0=182“ 7'. 2"*76. 




1 

al V - 


■■ -/ 


which projected on my chart Mb almost to a nicety upon my mterpolating curve. Still howevn 
Dawes’s reeent measures, agreeing with MU<Uer>s, give portions less advanced Aim my cuive would 
indicate, from which it would seem that even 182'12 years (my P.) is too short, hut tlmt 1 eun 

hardly believe. i i ».i. . 

I now absolutely rejeet drawing any tangents at all. As you very nghdy remark, when tin. 

tangent b dmwn at Ae extremity of Ao major axis projected as situated in the present case a 
trifling error of graphical manipuhition spoUs all. The numerical process is easy and simide. he 
problem is thb:— Given Ao semi-axis major and minor of an 
cUipso, and tlic length of any one of its somi-diametors. 

Required, first, the length of the somi-diameter conjugate 
to it; secondly, the angles which these two somi-diamctcTB 
make with the axis and with each otlicr. 

This is an easy problem of conic sections, and it docs away 
wiA aU errors of Ac graphical laying down of angles, substituting messuremenb of loiigtli which 

axe much more accurate. 

Given . . . a, 5, r, 

Required . . • 

and .*...• 

Ist. r 2 +r'^=a*+ 6 i* .-. 

0, J. / 5 ® 

2 d. 008 . ij>=; V Sdp 

3 d. tan. '' 1 ^= — ^cotan. 

whioh hy-Ae-hye sie not ugly formulas, and of exceedingly easy caloulation. This relation 
tan. X tan. t = constant, I don’t remember to have seen iu treatbos on come sootions. It is 

very useful. 
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But, as my main view was to find what great nicety would effect in the 
geometrical mspoction of the case, as still being, under all its imperfections, an 
inviting method for amateurs, I again sought the radii vectores through the 
angular velocities, although commanding the advantage of having direct measure- 
ments of distance at hand; and a steady course was pursued, in facfe of the 
hazard as to whether the points of observation feU at all remote or irregular. 
To many, except the class I am addressing, the following details of my orbit for 
184i7 may prove too wordy, but it can readily be “skipped.” 

Notwithstanding the rebukes upon Bradley’s noted observation of 1718, 
I thought that the curve might be brought in so as to afford points 
for an apparently reasonable ellipse, by adopting my last drawing {v>t supra) ^ 
instead of that used by Sir John in his- first paper. As, however, the paucity 
of observations about that date allows such latitude in the manner of drawing 
the curve, I did not, when passing an oUipse through the deduced points, 
oridcavour so much to moot them as those in the more authenticated part. 
Dilferont circumstances, it is true, wUl modify Bradley’s point to different 
uses, but, as it hardly satisfies the requicements of the orbit, I shall not introduce 
it into future argument : it is a remarkable observation, certainly, but at best 
is merely an angle of position obtained by an arbitrary aUineation of the two 
compouents of y with a and 5 Virginis. 

Proceeding as before stated, and laying down from the assumed central 
star the positions interpolated, with the several distances calculated from the 
resultant curve, I found that the figure which best met them aU bore the follow- 
ing elements for the apparent ellipse:— 


Major semi-axis .... 

. 3" 0697 

Minor do 

. l"-7643 

Position of major semi-axis . 

. 140° 

Ex-centricity .... 

. 0'8143 

Greatest apparent distance . 

. 5"-748 

Position at do. . . . 

. 139° 40' 

Least apparent distance 

0-393 

Position at do. , . . 

. 319° 50' 


2 z 
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To arrive tlirough tliese at the elements of the real ellipse, I brougbt. the 
tangential method, to a severe trial; and it became sufficiently evident that 
the slightest 'error of projection might mar the problem, where, jis m the 
instance before us, the projected and apparent major-axis wore only Id' apart. 
Indeed it seemed difficult to maJ^e sure of not drawing the tangent meorreelly 
by a degree or two ; and the ditference of a few minutes only in the inchuation 
of this tangent completely alters all the other elements when using the foriniilai 
recommended. iPew desirable cases are without obstacles, under all the. 
difficulties of the present one, the attempt at conquest was made, but as 
some of the values would not adapt themselves to the instance— for they brought 
out the real minor semi-axis less than the apparent one, which is iiupossibh 
I was at the trouble of obtaining the real semi-axis of their inclinations by 
the more operose method of computing the major semi-axis from tin. minoi 
one and the ex-centricity, both of which wore given by moasureiiu-ut , luul 
from thence the case of least possible ‘ inclination was deduced. For th(^ 
periodic time — although perhaps it may be easier to calculate than to wiugh 
the area — I cut out the orbit, and parts of it, as before; not only using tlu^ 
time as given by the two extreme observations, but also as given by othei 
intermediate ones, and then taking the extremes. Thus the whole ol tin. 
elements of the real elhpse were obtained : and here they arc 


Major semi-axis . . . • 

a = .r-f) 17110 

Miaor do. .... 

b - r7G7:i 

Exccntviuity .... 

a = O.H72r):i 

Position of pcnhcliou 

7r= 310° 40' 

Position of node .... 

si= 41° 40' 

Inclination of orbit 

O 

CO 

II 

Anglo between nodes and apsides . 

X = 209° 17' 30" 

Perihelion passage 

T = 1830-2 A.l). 

Periodic time .... 

r = 148-2 years 


I was somewhat disappointed on finding that, after all my caro, the period 
should differ by forty years from my former attempts, though a little con- 
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aoled on recollecting the causes of uneertainty in this very tieklish condition ; 
nor was I pleased with another point or two. Yet, in order to try the value 
of this set of elements, and form an ephemeris of the object, I cut card-board 
sectors ol the graphic projection to find the epoch and distance at any parti- 
cular angle, and weighed them ; thereby adroitly avoiding the solution of the 
transcendental equations, which are necessEucy for comparing these elements 
with the observations. The segments were cut,* not to such angles as had 
boon observed, but to such as appeared to have been correct angles at the time 
of observation ; and thus they ran : — 


Angle = 160° 52' A.D. 1720*23 
15<J°*8 . . 1721*67 

142°*0 . • 1756*95 

12()°*2 . . 1804 •04 

1()2°*9 . . 1822*18 

97°*4 . . 1825*25 

83°*5 . . 1830*14 

78°*1 . . 1831*30 

62°*8 . . 1833*23 


Angle = 320°*0 A.D. 1836*15 min. dist. 


233°*6 . 1837*96 

191 °-5 . 1843*54 

182°-6 . 1846-92 

182°*0 . 1847*25 \ 

178°*0 . 1849*37 

175°*() . 1851*39 ) Prediolions. 

172°*0 . 1853*69 

169°*0 . 1856*94 j 


Those results appeared to rc])rcsont the observations pretty fairly as to the 
angle, and the distances promised to do equally well, but they wore not com- 
pared, because the error in Bradley’s observation was accidentally unconsidcred ; 
yet we may judge roughly, that the correction suggested of 10° would increase 
the period and diminish the inclination. As there wore now some symptoms 
of coming up witli the chaso, I resolved to trim a little closer, and attempt to 
form an orbit from the Bedford measures — 1831 to 1847 — only. I was quite 
aware that in the present state of the question this attempt might not bo 
deemed altogether legitimate, since the problem is stiU held to require the 


* I havohad very powerful aid for carrying tlio weighing process to the greatest nicely of which it is capable ; 
having been fumislied with large sheets of cord-board made as nearly homogeneous os possible, by Mr, Dickinson, 
of Abbot’s Hill, F.R.S. the well-known and skilful proprietor of the extensive paper-mills near Hemcl-IIempstcad : 
and Mrs. Somerville kindly presented me with a singularly delicate balance, mode by Robinson, of Devonshire 
Street, under the immediate eye of the late Dr. Wollaston. 

2 z 2 
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umted products of aU tte extra^meridiau oDserratories : but, being desirous of 
ascertaining where we should be had I been the only watcher of the pheno- 
mena, the experiment was made without the least intention of undervaluing or 
the observations of others. This scheme gave for the apparent ollipso 
a major semi-axis = 2'-902, with its angle of position = Idl” 30', and a minor 
SGmi-axis of '698 ; tho roal ellipse being 


Major Bemi-axia 
Ex-centricity 

Penhelion . • • • 

Position of node 
Inclination of orbit . 

Distance of Perihelion from node on 
the plane of the orbit . 

Date of perihelion . 

Periodic time 


a = 3"‘345 
e = 0*8682 
TT z= 140° 3(y 
Si = 40° 44' 

7 = 30° 36' 

X = 278° 26' 

T = 1836*6 
p = 135 years ! 


Another more ex-centrio ellipse which was protracted on a larger scaU^ 
with a period about ten years longer would have saiisaod the observations 
almost equally well with this ; but the above set of eloments moot the oldiir 
ones more fairly. StiU the period of one hundred and thirty-flve years is C(U'- 
tainly curious, as being within aU the former limits, while t is in excess, Such 
an unexpected result indicated something not yet in its proper place ; iind it 
became a question whether we are, or are not, to admit the reality of th(i situ s 
apparent singleness in 1836, as observed by Sir John Ilorschel and myself. 
If it be admitted, it becomes a matter of doubt whether any orbit can !)(» 
found to represent all the data, without supposing some extraneous perturba- 
tions about the time of perihelion.* 

While pondering upon these matters, I received the welcome pro.seut ol 
Sir John Herschel’s truly important volume of Cape Observations, in which 
the re-iuvestigation of the orbit of 7 Virginis, by a strictly careful examination 


♦ On thifl crucial poin1>— extraneous perturbations— see tbe letter which Captain Jacob (posf) wrote to 
me from Madras : and for the perplexity of some of my friends respecting the disturbing cause in tlio movoments 
of 70 Opbiuobi, see the Cycle of Celestial Objects (IL page 407). 
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of all the recorded measures, forms a very interesting point. There tho whole 
details are so ably sifted, that no one interested in tho matter should rest till 
he has read it : but to others it may be told, that Sir John has now abandoniid 
the large elliptical orbit which seemed to be necessary to include the observa- 
tions of Bradley and Mayer ; and, having rejected these data, has ado])ted the*, 
angles of position taken for the epoch of 1781*89 when it was first moasiircjd 
by his father, and that of 1846, which was measured by myself, as tho cxti’onus 
epochs. This able and indefatigable astronomer had already told mo that the*, 
change of principle in the process he had recommended, as before referred to, 
mainly consisted in using the angle 8 as the independent variable, and interpo- 
lating and calculating t (the time) from it; by which moans tho solution of 
the transcendental equation, nt = u — e. sm. u, is avoided, as u is given by 

tmi. ^ u = Ay/'t— . tan. ^ 6. The obtained elements of this searobing and 
very masterly investigation of aU the observations are — 


Exocnlrioity . . . . . 

Inoliniition to the plane of projection 
Position of ascending node . 

Angular distance of perihelion from node 
on tlic pliino of the orbit, or true angle 
between the lines of nodes and apsides . 
Epoch of perihelion passage 
Periodic time ..... 


e 0-87J)52 
7 = 23“ 35' 40" 
SI == 5“ 33' 


\ = 313“ 45' 

T = A.D. 183G-43 
1* = years 182’12 


Sir John judiciously sums up by saying,— “ Comparing tho orbits wliicli 
seem entitled to most reliance, it appears certain that tho occojitrudty lii^s 
between 0*866 and 0*880, the inclination between 23° and 27°, tlio poriludiou 
epoch between 1836*20 and 1836*46, and the period between one hundrtid and 
forty and one hundred and ninety years.” 

The paramount interest of this elaborate orbit, both to tho present and 
future story of 7 Virginis, is so clearly obvious, that I resolved to give it ontb‘(^ 
in the Appendix, where the reader will find it under No, 111. 

In the meantime 7 Virginis had again become an object of very easy 
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measiirement ; and the results now ohtainahle are likely to he as trustwort ly 
as our present miorometrie power wiU admit of. And indeed rt is in good 
keeping, being closely attended to in several parte of Europe and Amenta ; 
while the zealous Captain Jacob has not allowed it to pass unobserved in India. 
These are my own additional data 

Position 179° 31' («8); Distance 2"'8 (^g); Erocn 1848-36 

178° 37' (« 8); 2"-9(^C); - 1849-31 

177° 02' (w 7); 2"-9(wC); 1850-28. 

Having thus watched this extraordinary system for upwards of twenty 

years, and observed it pass through so important a phase of its entire revolu- 
tion that I have actually measured the companion in each quadrant of tlio 
circle, I prepared to close my telescopic observations upon it with the angle 
and distance of 1860. But, as the ooeasion was one of great mterost to mo, 

I applied to several friends possessed of powerful instrumental means, bogging 
of thRTTi to obtain sets of measures and oblige me with the results, in order to 
afford evidence, that the opinion I had expressed of all present observations 
approximating near to each other, might be tested. Urania, however, does not 
always command her votaries properly ; and, at the duo season of apparition, 
those scenes redolent of mortality and gas were unhappily preferred by ono or 
two to the fresh air of the observatory. Moreover, Mr. Hind had overworked 
and was unwell ; while the instrument of one of our very best astro- 
meters, the Eev. Mr. Dawes, was lying dismounted. Two of my corrc,spond- 
ents responded cheerfully to the call, and I append their fniits :-thoso of 
Mr. M. I. Johnson— from a mean of six evenings— were taken with the now 
Oxford HeUometer, although it was then but just mounted, and the manipu- 
lation of it hardly attained; and those of Mr. Arthur Kett Barolay wore 
observed un iler powers of 277 and 300, with a line six-inch refractor of above 
eight feet focal length, on a German mounting, driven by clock-work— 

Johnson . . of Position 179° 46'; Distance 2"*76; Epoch 1850-20- 
Barclay . 178° 07'; 3"-09; 1850-32. 
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While gazing at the small companion which follows 7 nearly on the parallel, 
I have more than once been struck with a sensation that another minute star 
was in the field; but even the idea was evanescent. However, to settle the 
question indisputably, I requested of both Lord Losse and Mr. LasscU to search 
the spot for mo, with their gigantic and powerful reflectors : and the result of 
their kind examination is, that no star exists between the binary pair and 
the little follower. 

On again weighing an orbit from my own measures brought up to 
1850, with special care in leading the curve through the epochs of the pro- 
jection, I obtained a period of one hundred and sixty-eight years. Prom the 
sectors produced, the prediction angle for 1851’6 = 17G°, to test which I again 
applied for comparing observations to some of my astrometric friends, whose 
replies, l)eing very illustrative of tliis portion of the Story, I subjoin. The flrst 
in date (Wateringbury, 25ih March, 1861) is from the Lev. W. 11. Dawes: — 

I four you will think 1 hivvo ([uiio Ibrgotton your roquost that 1 would .send you a mciiHure 
of 7 VirgiuiH UH .soon ua jnaotiouldo. You will bog however tlmt tliiB is not the caao: but, at tho 
Bumo time, 1 must put your faith in my veracity to the strtach by udhiniiig that tho moasnreB now 
sent are the llrat, and the only ones, 1 have been able to procure this your I After I saw you u 
tremendous cold eonliiied mo for some time to the house; and being accompanied by unusual 
opjn’esaion on the chest, I found it necosaiiry to be cautious of long exposure to the cold or night air. 
Then a series of bad starlight nights occuiTod, sevcjrul of which cloudeil over early; and two or 
three tantidized me with a view of 7 Virgiiiis, more like a great oval nebula, or ratlier a silk- 
worm’s cocoon, than any object meusurcuble as a double star. I really thought it wouhl be 
insulting to put on record, by attempted measureinonts, the appearance of the elegant creature when 
Huirering from such an awlul shivering fit us produced a hoj-ribli! deformity, completely amalga- 
mating all her features into one shapeless iiuiss. So I very imwillingly closed my cyidids (shutters) 
against so sad a spectacle. Lust Friday night, however, after watching the formation uiul 
])artial dispei-sion of hazy clouds for several houj's — Iceling assured tliat the air ought to be lino if 
the cloud would but take itself oJT — while looking at 7 Lconis, I was amazed and didightod with a 
rather sudden tranquillizing of tlic image, which left nothing to be desired in tho way of definition. 
I was using at the time a wheel of double convex lenses, and was aware I had got a pretty high 
power on ; but having been turning the wheel about, I did not know which lens was in use. I 
thought, however, it was the highest but one. No. 5, power 641; so exipiisite were the discs, witii 
a single almost (piot ring round each, that 1 thought I would give tho wheel one more click, and 
try No. 6 , power 903. When, behold, on giving the aforesaid click, 1 found 1 was already using 
903 I I instantly detached tho eyepiece and applied tho micrometer ; and being duly pinned and 
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loaded with power 500, levelled at the other 7 ; when, lo I before I could got her fairly m focua, a 
cloud began to form over her; and, being determined not to be cheated if I could help it, I em- 
ployed about an hour in getting three angles, and four distances, as the star appeared by glimpses 
in the chinks between large masses of cloud. It was worth while, however, for the results arc 
good; and therefore I have pleasure in offering them, as follows: 

1861-217, Position = 176°-5S; Distance = 2"-982. 

Though I have recorded, or rather given you, the angle as south following, the northern star 
was noticed as being certainly the smaller: which I observed to bo the case also thi'oughout the 
apparition of 1848. 

The next is from Lord Wrottesley (Wrottesley Hall, 18th April, 1851) 

Having at last succeeded in getting ten more very capital measures of 7 Virginis on a very 
favourable night, I no longer delay sending the results to you, and, os I promised, I send you the 
original entries of the observations, as read off from the instrument. The general result is,— 

Angle . 
with probable error 
and weight . 

Distance 
with probable error 
and weight . 

Mean Epoch 

The probable errors and weights arc computed by the formulm, 

P* 

and weight 

The third letter is from Mr. Isaac Dletcher (Tarn Bank, Cockermonth, 
iVth June, 1861), describing the instrumental means with which he obtained the 
subjoined measurements — 

1851’401, Position = 176“ 68' Distance = 3" 047. 

I have much pleasure in embracing the earliest opportunity to reply to thy note of the 14th 
instant. 

The telescope employed in procuring the measures of 7 Virginis, which appear in the May 


•4649 

n{n-\) 

1 


e3 


= 176“ 65' 
= 3'-65 ■ 

= 75 
= 2"-911 
= 0"-015 
z= 107 
= 1851-172 
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No. ortho Notices, and which I employ in all my double-star operations, is an achromatic rofi-actor 

of about 6 feet focus, with a clear aperture of 4-14 iuches. 

Tlie mounting is almost precisely similar to that of thy 8^ foot cquatoreal, illustrated and 

described in the “ Cycle.” 

The polar nvia is 9 feet long, 9 inches square at the middle, and 1 inches scpuiro at the ends. 
It is made of 4 planks of mahogany, screwed together and bound internally, llie hour and 
declination circles ai’e each 20 inches in diameter, iind read by vermers, tlic ibnuer to 2^ of tiuui 
and the latter to 10" of space. 

The defining power of the object-glass is first rate; it brings out tli.c 5th stiu in the great 
nebula of Orion, and shows with distinctness the companions of f Horculis and B Gygni. The 
power employed in moasiuiug 7 Virginis is 300. 


And, dually, Mr. J. P. MiUor, of 'Whitokavon, having watchod y Virginis 
into daylight, and havnig gained the last measures of her then a])parition, 
favoured mo with the following communication, dated July 10th, 185] : 


I have not long init my instrument to micrometer- work, and heiug desirous to get an observa- 
tion of 7 Virginis belbrc it is lust Cor tlic season, 1 have secured two sets ol measureuuMits, which 
I scud you, as I know yini are particularly interested in this remarkable star. ^ J do not siipTiosc 
you will consider them of any value, hut you will see how they correspond with those ol other 
observei's. Tim ohsuivalions in posiLion 1 believe may bo relied on as trustworQiy. 

Micronu'trical measures of 7 Virginis takem at the Observatory, Wliitehavon, with a six-foot 
aebromatio e(piat()rial, 4T in. aperture, driven by clock-work. Micrometer by Smmis; 
position circle 5 inches diameter: 


01)HcrvationH. 

1851, Jime 22 . 8 

1851, Juno 26 . 7 


PoBition. 

Distance. 

01»florvatii)n. 

175.50 ■ 



175-58 

3"-040 

8 


llie teii'scopo is exactly the same sixo as Mr. I. Fletcher’s, Tam Bank, Cockennouth ; the two 
huTO boon trial togoUior rido by aido, ai.d no diilbrcnw in purfonnunoo wm porrnptlblc. T rani ly 
aiw tbo mnet of ? llorodis on tbo 26th Juno. X Ophiudii is compuiatmly cosy ovon ut this 
season. My instrumont is mounted precisely like thut of Ross in tlio Groat Exlnbition. 


f 

Meantime Mr. Hind has kindly consented to undertake another orbit from 
my observations only, by a proceeding modified from his last ; and it was some- 
what satisfactory to have the discoverer of ten new planets at work in co- 
operation. On the 8th of April, 1851, he wrote to me in these gratifying terms:-- 
» I forward the results at which I have jnst arrived, fi-om a discussion of your 

3 a 
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observations of ty Virginis ; but, not having yet been able to compare tlunii 
fully with the data, I must ask you to regard them with some indulgoncc. 
T'or my own part, I really astonished at the very close ros(iiiil)lciiico 
between these elements and those obtained from a discussion ol all the ohsc'rva- 
tions, including Bradley’s and the elder Herschel s. It speaks voluiuciH lor 
your admh’able measures, and is the more remarkable, as I have not used 
any others or looked at any others for this purpose ; in which, I believe, I 
was carrying out your wish.” 

Here, to my great satisfaction, I found a retrograde annual motion of 
2° 0987 at the epoch, coinciding exactly with elemental deductions; ■wliieli, 
with certain other orbital similarities, led to the conclusion that wo had now 
positively passed the threshold, and gained an insight of the iruo (‘lonunds. 
As I had the pleasure of seeing Mr. Hind soon after he wrote, wo talk(ul oven* 
the case, and considered that it constituted a fact which some of the shdlar 
inquirers would like to be acquainted with; and, as those slieots aro only 
destined to a limited circulation, we agreed upon the eligibility of his com- 
municating it to the Royal Astronomical Society, at their inootiug on tlici 
following evening, April 11th. This is the statement, as copied from the 
Minutes, and inserted in vol. xi. No. 6, of the Society’s Monthly Notices : — 

On the Elements of the Binary Star 7 Virginis, resulting from a discussion of the Aleasiires Uiken 

by Capt. W. H. Smyth, K.N. between the years 1831 and 1850. By J, R. HIND, Esq. 

Foreign Secretary. 

It is well known to the members of the Royal Astronomical Society, that amongst the Httim 
observed for the Bedford Cycle by Captain Smyth, the intorcsling binary system 7 Virgiiii.s 
occupied a promincut place. During the period included by the Bedford incusures, a vtny criluml 
and important part of the orbit was passed over, and great pains were bestowed upon tlie ohwnva- 
tions to render them as accurate os the nature ofthe object would permit. In 1831 the cuinpomiiib 
stars were separated about ^he smaller one being situate in the north following cpuidrant about 
12 ° above the parallel of declination. From this position it was watched by Captain Smyth during 
its passage through the same quadrant, the central distance diminishing each year, until in the eiirly 
part of the year 1836 the star was pronounced single under the heat atmospliovic conditions, 
Before the close ofthe spring the Bedford telescope again afforded indications of dnjdicity, anti two 
nights’ observations showed that the companion had just completed a fourth part of its orbit, its 
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position being now 12° nortli preceding tlio principal star. In 1837 a fnrlJicr change of no less 
than 83° in the same direction had taken place, the comes lying in the angle 265° at a distance ot 
rather more than half a second of arc from the primary. In 1847 Captain Smyth found it still 
on the precediiig side, hut at a central distance of 2"*6, and his observations early in the year 1848 
showed that it had just passed the vertical point, the measures pclding an angle of 179°‘5 ; anti at 
the date of the last observations in 1860, the angle had further diminished to 177°'l. 

It thus appears that the whole series of measures taken with the Bedford telescope include a 
change in the position of the companion-star of 260°, or nearly three-fourths ol a revolution, 
extending, as btiforc remtirkcd, over a very important part of the orbit. The question, therefore, 
naturally suggests itself, whether an investigation of the elements from this scries of measures, to the 
exclusion of all others, might not be one of some value, as showhig, by comparison with elements 
founded upon the whole of the measures of other astronomers, including the valuable alignments of 
Bradley and Pound in 1718 and 1720. what kind of dcpeiidenee wo may idaco upon elements (or 
other binary systems compulc'd under similar circiuu stances, where, during the interval between the 
earliest and latest observations, a portion only of the ellipse has been described, which is to be traced 


chiefly from the ineasuujs ol one observer. 

In the present instance tlu' investigation promised to lead to results of esiiocial interest; the 
iiKiasures of 7 Virginis, published in the Bedford Cycle, wore taken by one of the most experienced 
obs(5rvers of the pn'si'iit day in tliis particular dejjartment ol astronomy, were made throughout with 
the. sanu'. instrument, and uiulcr the most favourable conditions as regards the state of the. 
atmospluire., the j)owers employed, «S5C. With data derived under these promising circumstances, 
an orbit liiirly aiiproxlmating to the true one (or to that which wo have strongest reason to rely 
upon) might be expected as the result of th('.ir discussion; but I confess I had no idea that this 
series of measures (leaving untouched, as it docs, the more distant part ol the apparent ellipse when 
ohscrvatioiiB are made with coiuparativc facility and proportion ally gi cater accuiacy,) wouhl 
produce, a S('t of elements bearing sueli close rcsendflance. to tliuse of Sir John Ilersclicl, which, 
having becni calculated upon the whole course of observations, on a method possessing peculiar 
rocomine.ndalions, wc may fairly pnisumo to bo tins most exact system at present in the hands ol 
ustroiiomors. For the sake of immediate eomparison the two orbits arc subjoined togetber:— 


Elements oe 7 Vieginib. 

T. I^’rom tlio ObsorvationB 

II. Sir Join IlorHohol’B 

of OivpL. 

W. 11. Bmylh. 

loflt Klomonta. 

Perihelion passage , . . . 

1836-40 

1836-39 

Position at jicrUielion 

323° 50' 

322° 12' 

Ascending node .... 

20° 34' 

28° 42' 

luelinution to plane of projection 

27° 23' 

30° 39' 

Angle between the lines of upsides and 
nodes upon the orbit 

300° 13' 

290° 30' 

Excciitricity .... 

0-8804 

0-8860 

Period of revolution 

17iy”-54 

183^^.14 


Motion in tlic orbit — retrograde. 

3 a 2 
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In comparing these orbits, it must be borne in mind that in llic present case an alteration in 
the position of tlie node of 10 ^ has but very little influence upon the computed angles .)f position ; 
and for this reason the node and the angle between the lines of nodes and apsides cannot be exactly 
ascertained. The agreement between the other elements is, I think, very remarkable; iincl, as 
regards the period, the observations of Capt. Smyth furnish us with the time of revolution o( the 
companion-sun round the other, differing less than twelve years from that wliich, imder existing 
circumstances, may be regarded as the true one. 

After having heaid this interesting communication read to the Mooting, 
on returning homewards in company with my friend Mr. J. C. Adams, of 
Neptunian celebrity, we entered into a discussion upon the several orbits of 7 
Yirginis; and I was not scrupulous in pressing him into the question, since 
I feel fully persuaded that sidereal physics must one day become of the highest 
paramount interest to transcendental investigators; and we are well aware of 
the advantages of combmation. Aiter a few preliminaries, I found liiiri 
“ nothing loath ” in the matter, and he undertook to attack the problem by a 
method of his own. The result I had the gratification to receive, under date ol‘ 
the 29th of June, 1851; and was in hopes the details, with a full account of them, 
would have been given at the next meeting of tho Eoyal Astronomical Society. 
Meantime the following extract from his letter shall form the satisfactory 
conclusion of this lengthy " Story — 

I have great pleasure in scndiug,you the results wbicli I have obtained rcsjicctiiig (he orbit of 
7 Yirginis, and I feel the more indebted to you for having called my attention to the subject, iuiis- 
much as tlic problem of determining the orbits of double stars is one with which I had ])rcivioiisIy 
only a theoretical acquaintance. Tlic orbit given by Sir John Horschcl in tho Kcsults of his Onpi: 
Observations, was taken as the basis of the calculations, and equations of condition fur the eorreetion 
of the elements were formed by comparing certain selected angles of position deduced from observa- 
tion with the values calculated by means of Sir John Herschel’s eleincnta. 

The positions employed are those given by Bradley’s observation in 1718, Sir ‘William Iler- 
schel’s observations in 1781 and 1803, a normal position for 1825 deduced fr'ora tlio obsovvatlons itf 
1822, 1826, and 1828, one for 1833 from tho observations of 1832, 1833, and 1834, another ibr 
1839 from the observations of 1838, 1839, and 1840, and, lastly, a normal position for 1848 from 
the observations of 1846, 1847, 1848, 1849, and 1860. The number of these positions bi:ing 
greater by one than that absolutely necessary for the dotorraination of the elements, I at iirst omitted 
the equation of condition for 1718, and solved the remaining ones in such a manner as to show tho 
effect wliich would be produced in each of the elements by a small given change in any one of tho 
observed angles of position. The result proved that the elements would bo giuatly affected by 
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■iiKill fi'ritrs ill till* i)l)Mi'rvccl positions for 1781 and 1803, and I therefore called in the observation 
ofniH I.. ilu. roscui', and solved the equations anew, supposing the positions for 1825, 1833, 1839, 
and IH IH i»i Ilf eorrrrl., and distributing the errors among the other three, according to the rules 
iipplii'd by till' mi'thud of least squares, giving double weight to the observations of 1781 
Aw\ 18(13. 

'rill* Ibllnwing ai’i' the resulting elements: — 


Incrmatlon of the orhitto the plane of projection 

25° 27' 

Position of the node ...... 

34° 45' 

Distunee ol' perihelion from the node 

284° 53' 

Anglo of (‘X-eentricity .... 

61° 36' 

or ex-ccntricity 

0-87964 

Pi-riliolion ]msauge 

1836*34 

Period 

174y™137 


Tlic t’ollowiiig table shows the dincrences between the observed positions and those calculated 
fniin the abnvo el«*ments: 


iqiuoii. 

OliHprvod Position. 

Calculated Position. 

Difference. 

171H'22 

150° 52' 

151° 3' 

— 11' 

17B1'H9 

130° 44' 

130° 29' 

+ 15' 

1H03'2() 

120" 15' 

120° 43' 

— 28' 

1825*32 

97° 46' 

97° 43' 

+ 3' 

1833*27 

61° 16' 

61° ir 

+ 5' 

1839 36 

215° 51' 

216° 2' 

— 11' 

1848-37 

180° 6' 

180° 6' 

0 


A bet.ter agreement could scarcely be desired. The observations made about the time of peri- 
hi’lion jm.'isiigi' are ruilile to great error's in consequence of the excessive closeness of the star's, and 
llirrelbre 1 did not take them into account in forming the equations of condition. 

Sir dolin llerselud was obliged t<r admit large differences between these observations and the 
nf his theory, and these differences arc considerably increased by using my elements. I am 
iu'flim'd to think that those observations cannot be satisfied without materially increasing the en-ors 

.m both sides of the perihelion passage. _ , . , , * 1 i j 

Mv element.H agree very well with the latest observations which have come to my knowledge, 
:,s i.K shown by the following compajison:— 


OliBorvcr 

Lord Wrottesloy 
Mr, Dawes - 
Mr. Kletoher 


Epoch. Observed Position. Calculated Position. Difference. 

1851‘172 175'’ 55' 175° 52' + 3' 

1851*217 176° 35' 176° 49' + 46' 

1851*401 175° 58' 175° 34' + 24' 
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Heee I certamly considered that I had made a clue-up with this rcmurk- 
able star ; hut circumstances having brought me to dwell within hall‘ a mile 
of Hartwell in 18B1, an opportunity offered of continuing my ohscrvalions 
on that and other objects, with less inconvenience than I had been at since 
leaving Bedford : especially as Hr. Lee had a ma nova made between the grounds 
of Hartwell and St. John’s Lodge, expressly for my convenience. I tluuH'loro 
resolved to watch 7 at least till the final period of my predictions of h(5r march 
{see antej page 365) ; particularly as I had reason to suppose that the (*])ooh 
of 1867 would exhibit the excentrioity, inclination, periastral passage^ and 
period, in greater unison than heretofore. Now my own angular measiirt's for 
that — to me— crucial point, were a degree and a half in excess ; while lh(‘ j)l;u‘(‘s 
observed for me by my kind correspondents were — 

Position 173°-00 Distance 3".640 Epoch 1856’96. — Ainj. 

170°‘08 3"-586 1857-35 .— {douNn linarji'..) 

169°-93 3"*661 miA2.^DawM{wirein!e)'.) 

1710.55 3//.537 1857-41.— /«/!?•. 

171°-36 3"-665 1856-97.— /-.m/ WroMy. 

To these I must add another set from Captain W. 8. Jacob, that was (K)nv( 4 y(‘d 
to me in a letter from Madras, under date of February 12th, 1858. 'lids 
document was sunk in the Ava, a steamer laden with treasure, whi(!li wjus 
wrecked going into the harbour of Trincomalce; and, after its ])eiiig almost 
pulpified by soaking in sea-water, was fished up from the wreck, and reacluMl 
me on the 12th of May in that year. The following is an extract: 

I have the pleasure to acknowledge the receipt of your letter of the 2nd of Sipii'iubt'r lust, 
with its mclosures, literary and scientific # » * * In return, I Bond you iny liiHb (poch of 

7 Virginis— a mean of five nights’ observations with powers 277 and 365— which, you will sec*, 
agrees very closely with yours : 

Position 170°'69 Distance 3"-604 Epoch 1857-957 

The vagaries of this pair (real or supposed) will, I suspect, turn out of the same clmnictcr us 
those of 70 Ophiuchi (see ante, page 282) and a Centauri, wluch 1 have little douht proceed from the 
disturbance of some planetary body or bodies, probably much larger than any of our ])lunr;ts. J 
have lately found out several other pairs exhibiting similar recurring disturbances; so that tlu'y will 
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form a cIubb of tlicir own, and be no longer exceptionable coses. The class will also include, of course, 
such cases as that of Sirius, with its recurring variations of proper motion. I hope to discuss the 
matter more fully before long. 


It may assist examinatioiij and save the trouble of raking for data 
throughout this rambling story, if we here recapitulate the whole series of my 
measures of 7 Virginis ; begging the reader to recollect that they arc all result- 
ing from the same eye, object-glass, micrometer, and mostly from the same 
eye-piece— so that for all observable movement they are fairly comparable mlef‘ 
se. On this account, only the operations with the large cquatoreal ai*e enrolled: 
but my personal acquaintance with 7 commenced at an earlier period, and in 
1828 I attadcod her with some rock-crystal prisms charged in a 6-foot re- 
fractor of Si inches aperture (Cycle, I. pages 386-6), and obtained with lens 2, 
prism 2, power 135*6— as the dependent results, by throe sets of measures 

taken in the nf quadrant, 

PosiTroN a8°*37' Dtstanoe 2"'72 Epooii 1828*99. 

The instrumental consideration thus given, applies indeed to all my printed 
observations ; for, though 1 was charmed with the performance of the ocular 
crystal micrometer, I surrendered it for what I thought more in keeping with the 
objects in view {nee ante, pages 126-6). Having made this statement, wo wUl 
now proceed to a general rdsumd of the whole of my operations on this object, 
with the double-wire naicromotcr 


Position (w 6) 

71‘’-4 cw 5) 

— (w 1 ) 

62'’*7 8) 

48°-8 (w 6) 

-I— 46°*5 (w 6) 

la^-o (w 6) 

round (w 9) 

round (w 9) 

bhtty (w8) 

350-9 («4) 

348°-6 (w 4) 

265“.4 (w 3) 


Distance 1"*6 (w 2) 

l/''2 (w 3) 

not taken 

l"-3 (w 2) 

l"-0 (w 2) 

0"*8 (w 2) 

0"-6 1) 

round (w 9) 

round (w 9) 

hhtty (w 6) 

elongated (« 5) 

elongated (® 

0"-6 (w 1) 


Epooh 1831*38 

1832*40 

1833*23 

1833*44 

1834-20 

1834-39 

1835-40 

1836-06 

1836*15 

1836-25 

1836-30 

1836*39 

1837*21 
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Position 235°-7 (« s) Distance 

217°'2(«6) 

192“-8(«fi) 

191°‘6(w8) 

185°-4 (M 6) 

182°-9 («7) 

181°*9(m6) 

179‘’-5(«8) 

178°-6 (« 8) 

177°-0(^fl7) 

175°-6(«6) 

173°*9 (tt, 6 ) 

171“-6 («i 6 ) 

170°*6 (w 6) 

169“-9 (w 7) 


(y ^-8 

(to 2 ) Epoch 183?'28 

V'-o 

(to 2 ) 

1839*40 

l"-9 

(to 3) 

1843*08 

l"-9 

( 106 ) — 

— 1843*33 

2 "-l 

(to 4) 

1845*34 

2"'6 

(w 4) 

1846*39 

2"*6 

(to 6 ) 

1847-41 

2"-8 

(to 5) 

1848*36 

2"-9 

(to 6 ) 

1849*31 

2"-9 

(w 6 ) — 

1850-28 

3"-2 

(to 4) — 

1852*42 

3"-2 

(to 6 ) — 

1863-35 

3"-4 

(to 7) — 

1855-40 

3"-5 

(to B) — 

1857*41 

3"*8 

(to 7) — 

1858*39 


These last places are, I presume, as fair as could be expected, tlie observa- 
tions having been made imder extremely favourable circumstances as wtill 
instrumental as atmospheric ; yet, from the object’s present easy moasurcnicnt, 
there is more discordance between the angular results ol my coiT(^s])()iulcnts 
and myself for 1868 than I expected, or quite like {see mte, page 247). 7 liow- 
ever must be closely watched; for the motion is now so nearly unilorm along 
the line of ellipse, and the variations both in position-angle and distnncio so 
slow, that multiplied observations become necessary, in order to eliminate as 
much as possible any errors of judgment. 

While writing this, my youngest son, Captain Henry Augustus Smyth, of 
the Hoyal Artillery — arrives from Shoeburyness, where he has boon experiment- 
ing with the new Armstrong gun, which strikes targets at two miles and scuds 
shot to the distance of five miles. Turning now to a very dilTeront branch of 
applied mathematics, he volunteers to gather the disjecta membra of 7 Virginia — 
of which star he has heard from his earliest years— and try his hand at moulding 
them into an orbit. I have therefore supplied him with the materials; and, 
if he can accomplish the task before his short leave of absence expires, his 
conclusions shall form a section of the Appendix to this volume. 

After making the epoch of 1858, 1 took a real and formal leave of this object 
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{see No. V.), not from any relaxed zeal in its causo, but tliat at the age of 71 the 
morning and evening’s going to and fro from house to bouse — from St. John’s 
Lodge to HartwoU, and again from Hartwell to St. John’s Lodge— began to bo 
rather monotonous ; and moreover it was high time to give place to young blood. 
To bo sure some of my friends intimated that this was not a final resolution ; and 
Sir John norschcl even made a prediction in this form — “Bid adieu to the 
obsciTatory, ehP Not a bit of it. Years hence you will be found one winter’s 
morning frozen at the end of a telescopoj with your thumb on a micromotor 
screw.” Now the chance for verifying this would rest on the oquatoroal-instru- 
niont’s being transported to my soutlicrn lawn, where certainly it would find but 
little rest, for happily I am one of those who hold that eyes .arc none the worse 
for being used. At all events, I have had the satisfaction of contributing to 
um'avcl a system which afibrds, by actual changes in angle and distance — the 
former viirying in velocity inversely as the square of the distance — Incontrovoi'tibie 
evidence of the ])hysical connection of its constituent members. Every successive* 
stage in tliis interesting inquiry has been converting probability into fact, 
and there cannot exist a reasonable doubt of this .and other biu.aries being 
subject to the smne dynamical forces which govern our own system. Yet 
there are some very formidable heterodox savans in opi)osition, who tliinlc that 
the operation of the law of gravitation among double stars, however probable, 
is not yet sufilciontly ca])able of demonstration ; for as the observations are only 
equivalent to seven or eight really distinct d.ata, that those data arc not sufilcient 
to determine whether tin ellipse is described according to that law. Now there 
are anomalies and bold hypotheses in the action of gravity; but as wo Icnow 
that binary stars are hold together by a central force, and that the comj)onents 
revolve under the influence of a mutual attracting power, wo can only postpone 
the question for time and increased accuracy of observation. 

As this opinion, however, is not yet accepted ; the various doubters must be 
allowed to swing in the tide’s way, especially those whose opinion is woHli having. 
Clairaut doubted Newton : placing too little faith in a doctrine which had other- 
wise proved its correctness and generality, this indefatigable geometer was led to 

3 B 
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believe that the law of gravitation was neither true nor universal ; but on trying 
back he was convinced of his mistake, and, like a true man, very becomingly 
chaunted a public paHnody. Now, though there are certain impediments yet 
to overcome — and perhaps even retard acceleration difficulties to grapple with — 
every advance tends to demonstrate that the Newtonian doctrine of attraction, 
obeying the Keplerian law of areas, may be regarded as the controlling agent of 
the Universe : a most sublime and useful truth,— one chiefly added by a corps of 
zealous amateurs to the wonders of Astronomy ! 



ST. JOHN'S LODGE 


CHAPTER IX. 


OF ENCKE’S COMET. 


Whore is thy inick throughout the viist expiuisc? 
Still oiiwurtl hast thou urg’d thy hold oarocv, 
From th(i (irst liour when the Creator’s hinul 
hu] Kill’d thy (ire along the KcIcIb ol* light, 

Nor ever yet arriv’d within the vei*g(‘ 

Ol‘ mortal kim ! 

WEliK. 


A detailed account of this gaseous wandoror will bo found in the first 
volume of my Oyclo of Celestial Objects ; but, as a plate of its appearance on 
tlie 22nd of September, ISd-S, when caught up by my son, Professor C. Piazzi 
Sinytli, then with mo at the Hartwell telescope, has been ])reparod by liim for 
this volume, a few disem’sivo remarks may be added. Wlien foimd, the comet 
was so faint as to requiro a largo telescope and a practised eye to see it ; and even 
then it appeared only as a dull nebulous patch about throe minutes in diameter, a 
little condensed towards the centre, and shaded off indefinitely at the edges. It 
was host seen with the eye-pioco powers of 60 and 22 times, and tolerable places 
were obtained by an oyo-pioce armed with a broad bar instead of wires, so as to 
render the gazer independent of an iUuminated field of view. To my eye it 
seemed rather familiar, from having spent much time over it at Podford, at its 
apparition early in November 1828 ; hut the star which was accidentally shining 
through its central body, gave it somewhat the appearance of its having been 
furnished with a nucleus. {See the Plate, md page 377 .) 

3 B 2 
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At the very name of comet what a host of associations and ideas arise ; 
what a mass of human errors and perversities does the history of comctology 
exhibit ; what fear and dread have those wanderers so needlessly inspired I 
Never did popiilar prejudice adopt more unlikely engines for producing the 
threatened destruction of the world : without light or heat of their own, 
without any solidity, and without appreciable weight, how utterly powerless 
they must be for good or for evil 

We now understand them to be as orderly members of the solar system 
as the planets : Idee them, and yet different from them ; bearing the same 
relation to them that birds do to animals, both denizens of our earth, but the 
former able from their lighter nature to rise and perform flights in a medium 
into which the latter may never elevate themselves. So the comets — circu- 
lating like the planets round the self-same luminary, yet not possessed ol‘ their 
grosser weight — take courses and curious flights above and below the ecliptic, at 
all angles and in aU directions, and with velocities and excentricities that scorn 
for ever to be denied to the others. 

Some have attempted to make out a connexion between planets and 
comets : and there wore even hopes, before the discovery of Uranus and Nep- 
tune on the one hand, and of small comets of short period on the other, that 
on the outer confines of the system the excentricities of planets there to be 
found might approximate and miugle with those of comets, liecent discove- 
ries have, however, shown the outermost planets to have the least exccntricity, 
and the outermost comets the most; each of these respective species thus 
showing no tendency whatever to any amalgamation. But it is ‘far more in 
the physical features of the comets, than in the character of their orbits, that 
they differ from planets ; and the motions of both are understood, whilo the 
former’s qualities are still as imperfectly known as ever they were in those 
days when they spread alarm and dismay amongst nations. 

• That crazy and cruel fool— Alphousus VI. of Portugal— being told that the Comet of 1664, described by 
Lubienietski, presaged the death of a sovereign, rushed out on his terrace, called it all sorts of bad names, and shot 
at it with his pistol 1 The comet steadily kept on its course. 


PROFESSOK ENOKE’S COMET. 
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That so little advance has been made in this department seems to bo due 
chiefly, among those causes which we can qualify, to too much having been 
attempted ; to inquu'ios having been made into matters not strictly within the 
reach of science. Thus, it was not enough to make statistical registers of the 
various genera of comets, and to investigate the routine of changes which each 
undergoes in the various points of its orbit, but men must needs account for 
how a comet was created, and what purpose it was subserving. In the dark 
ages these purposes were to foreshadow the deaths of kings, to indicate revo- 
lutions and wars, and — when those ideas wore dissipated before an advancing 
pliilosophy — fi’ost, storms, heats, droughts, &c. took their place. Those, again, 
have vanished before the onward march of science; but, such is the perverse 
vitality of error, that men stOl think themselves bound to supply some cause and 
some purpose for the existence of comets. Against this, in the excellent work 
recently published under the title of Outlines of Astronomy, § 554, the illus- 
trious author says, — “Even now that wo havo ceased to regard their move- 
ments as irregular, or as governed by other laws than those which retain the 
planets in their orbits, their intimate nature, and the oiriccs they perform in 
the economy of our system, are as much unknown as over. No distinct and 
satisfactory account has yet boon rendered of tlioso immensely voluminous 
appendages which they boar about with them, and which are known by the 
name of their tails (though improperly, since they often precede them in theii 
motions), any more than of several other singularities which they present. 

Hero now there seem to be far more stringent requirements than are ex- 
acted in the case of the planets ; for who has ever thought it a drawback on oui- 
knowledge of planetary astronomy, that wo did not know the oifico which these 
bodies perform in the economy of the system ? Enough for us, then, that we 
can determine with greater exactness every year, their distance, size, weight, 
the form of their surface, with the motions and chai*actoristics of their atmo- 
spheres ; and the sooner wo apply ourselves to steadily accumulating similar data 
respecting comets the better; for certain glimpses of the wishod-for desiderata 
may then appear of themselves. Eoyal roads and short cuts have, however. 
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seductive cliarms for the despisers of induotiou; and I will hero give some 
passages of a letter lately written (August, 1860), by an assistant- Astronomer 
in a standard observatory, as a sample of side-wind philosophy: — 

Jc m’occupe avcc les scicncea physiques, et j’ai fait quelqucs d4couvcrtcs tres int6rc38nntcs, dont 
vous verrez bient^t Tutie qui ejqprime la cause du magn^tisinc terrestre. — J’ai trouvd uiissi iin 
systeme pour aupprimer les incendics. Cc systSme a feLd deja approuvd par lo Comitd “ Bclect ” dt* 
Woolwich, et d prescut jc m’occupc d lo mettre en cxdcution. — J’ai fcrouve quo la terro ct los 
plon&tes subirent plusieurs pdriodcs gdologiqucs, ct pendant diaque periodc dcs ages sont purcouruH; 
qui sc distinguent par levu tcmpdraturcs. Le nonib]*c doa pdriodcs parcourucs par chiKiuo pLinoti* 
est different, quoique ellcs out did produites par lo solcil d la mdme dpoque. Mainleuanfc, les })Ia“ 
netCB parcourent dcs ages differentes. Saturne parcourc son ago glacialc, Jupiter son age tc'Tuperd, 
ct Mars son age tonidc, la Terre se trouvo dana son age temperd. Cos ages dependent dol’dpaiss(iur 
de I’atinoaphdrc, qui sc forme par la decomposition de I’cau. L’azotc n’est pas un corjia simj>l(i, mais 
un compose do 2 hychogdne ct Ij- oxygdne. 4 atomes d’cau=4 0 + 4 11 = 0 + 2(li-0 -f 2ll) 
= 0 + 2 A 2 = air. Ainsi les monies elements prodiiisent I’cau ct I’air. 

Lea cometes sont dcs atmosph&ica ddtachdes on deux moitids par les poles des planctes ii la fin 
de chaque periodc geologiquc, ou au moment do cetto catastrophe par la sdparatiou do I’atmosphdri', 
les corps orgoniada cossent do vivre, la tempdrature biiisac, ct les caux accumuldcs dans la zonii 
tonide par la pression do 1 ’atmosphere dans les latitudes supdricuTcs, oil son dpaisscur dtait la plus 
grande, sc ddehaindrent, et olios formcrent dcs torrents dirigds vers les poles, qui uiiportdTcnt h's 
debris dcs torreius pour enscvclir lea cadavres donfc la siufaco de la terro dtait jonchdo. On a dtd 
dtonnd ici dans les musdos quond on a ciitcndii qu’il n’cxisfcc pas dcs ibssUes d’unimaux tciTestres dans 
la zone torridc. Les eldracns dos comStes sont les nidmcs quo ceux de I’atmosphere, T* do I’oau, 
2° des vapours, ct 3® do I’air. Ainsi les cometes no sont quo dca vents do I’cspace. * 

Her© is a precious theory, built up without a single fact, and at variance 
with all experience I lirst of all, azote, suspected to be a compound gas, but 
never yet proved to be so, has its composition exactly laid down from fancy, 
so as to agree with a supposed easy plan for nature to manufacture the gas 
on a large scale. Then we com© hy a jump to the comets, which are portions 
of the atmosphere detached from each pole of the earth, at stated periods. 
As to how this detachment is brought about, why it should he, and when, 
not a glimpse is given ; nor of how the detached air is at once to take upon 
itself the peculiar motions and characteristics of a comet, so excessively 
different to all that the body of air had been accustomed to, when still accom- 
panying the earth. AH these difficulties are, however, overlooked, and the 
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nottablc conclusion is at length come tOj that tho oloincnts ol* comets are the 
same as tliosc of the atmosphere, and that thus the once-thought portentous 
comets are hut the winds of space 1 

If, instead of such constituent principles as those, some additional good 
honest elements in tho shape of perihelion distance, excontricity of orl)it, &e. 
of comets had been given, some real approach to a knowledge of the physical 
characteristics of these bodies might have been obtained. Tho intelligent and 
elaborate discussions of Professor Encko on tho phenomena of the very comet 
before us, constitute a point which might have been imitated, however hopdess 
tho exccldor might ])rovc. An inquiry into this philosopher’s Condmii of 
lloMmwe, so as to tend to a dclinitive solution of a question wliich gives such 
inquietude to astronomers, might have obtained proferonco over a mere bag-tull 
of wind : and though the scrupulous devotee may still hold the ])oint oi‘ a medium 
to b(‘- ill alxjyanco, there are those who consider the undulatory theory to be iiieon- 
tostablyesttiblishod. Nor can tho general argument as to whether our comet shall, 
after a great but not infinite period of time, bo absorbed by the sun or vaporized 
into attenuated ether, bo amattor of indifference oven to tho above-quoted air-man. 

Tiivestigations into tlie orbits of comets can fortunately bo pursued without 
any knowledge of their form and size, by mere reference to the i)()int called 
tluj iiiKtleus ; all tho sensible weight of the body is so eomplotcly centered liorc^, 
that, bowevor mucli further the body may extond on one sido than on the other, 
it makes no dilTcrcncn, — no sensible ditfereiico at least, in tlie position ol the 
centre of gravity and of motion. With tlie planets, wo may either observe 
tlie centre, or the two limbs, and the mean of those will bo seen to give the 
centre, hut it is far otherwise witli tho comets : at the tail side the body may 
extend sixty to ono hundi'cd degrees from tho nucleus, at tho other sido only 
one-fourth of a degree; hut yet tho nucleus moves as if wholly independent 
of aU that oxoontric body. This body, both tho tail part and tho denser 
parts about tho nucleus, called variously tho coma or the head, mid often 
mistaken for the nucleus itself, are constantly altering in size and form; the 
nucleus is the only portion wliich remains constant ; it is inlinitcly small in size, 
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is seen only as a minute stellar point, and to this alone the attril)Lil,o ol 
solid matter can attach. To this nucleus proper (not the head, as noticed hy 
old observers) no sensible magnitude has ever been attached, and evciy succeeding 
improvement in telescopes further limits the size which it can possibly be ol. 
The smaller comets do not show any apparent nucleus ; the cxisteuco ot one, 
however, though too small to be seen even in our best telescopes, may always 
be inferred from the tendency of the gaseous matter to concentrate roinid one, 
part, and so form the head, or at all events to indicate tho rof erring point for 
observation of the place and orbit of the comet. 

Both the nucleus and the gaseous semi-transparent body shine by relic', (d(!d 
light, as proved by Arago’s polarising experiment, and cannot thorororo 
supposed to have any notable temperature of their own ; certainly not any 
heat of incandescence. The small weight that the nucleus can possibly b<^ ol* 
is indicated sufficiently in mere observation by its excessively small diuKMisions ; 
and the little weight of aU the body is shown in its transparency ; J'or it can 
be seen through in every direction, and so easily, that a thickness of sixty 
thousand miles of it (according to Sir John Ilerschel in the case ol* Biela’s 
comet) does not sensibly affect the brightness of the smallest stars, lli'iicc' 
there was probably not so much substance and matter in all that depi.h and 
thickness of comet as there would be in a depth of a few feet, or even inchc's, 
in an ordinary cloud. 

Comets were anciently divided into twelve classes, in this fashion— -bcjarch'd, 
torch-hke, sword-like, tun-like, Javehn-hke, liom-hke, &c. &c. — and even still 
a distinction is kept up between the largo comets and the small ones, or thos(' 
with tails and those with none : but this would seem an unnecessary division,* 
for the one sort merge so imperceptibly into tho other, that the f(‘atuv('s (jf 
each may be represented merely by different degrees of the same form or 
quality. In times when they were less feared, and perhaps better understood, 
these “blazing-stars” were subdivided into bearded, tailed, and hairy or coma- 
tose : and for more refer to the Cycle, (I. pages 210, &c.) 

Comets of long period, as that of 1811, with a period of tw^o thousand 
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five hundred years, are generally large ; the nucleus of this was distinct, the 
tail long, broad, and bright ; and, being circumpolar, remained constantly visible 
for upwards of ten months {see ante^ pages 91-2.) And comets of very excentric 
orbits, as in the instance of 184i3, which had hardly any perihehon distance, have 
very excentric bodies, or long narrow tails, this appendage being at one 
period 70° long by 1° broad. 

Comets of short period and small excentricity, as Encke’s, with a period 
onfy one thousaudth of that of 1811, have small bodies, and these not very 
exccntrically dispersed about the nucleus. Thus Enoke’s, as exhibited in 
the engraving, presents only a small oval mass of vapour, without any visible 
nucleus, but with a sensible concentration towards the place of it. A small 
star is shown, as it it was seen, clearly and brightly, through the very thick 
of the comet, and must not be confounded with the nucleus. Tho rest of the 
stars are inserted rather to show the telescopic characters of them, and their 
distmetion from the comet ; they so sharp, precise, and pungent, — and it 
so weak, diffuse, and ill defined. While planetary bodies may be fixed in 
space by means of theh boundaries, may, m fact, be defined in tho strict 
geometrical sense of a definition, tho comet admits of no such fixation, but 
recourse must bo had to tho new natural-history method of the typo ; which, 
instead of drawing the circumference of a circle, and stating aU that it excludes, 
rather fixes tho place of the centre of it, and gives all that it eminently mcludes : 
so tho place of tho comet cannot be defined by its borders, but by the position 
of its centre, or wo may say the excentric focus, carrying the nucleus and the 
more condensed matter immediately around it. 

Although I have referred the reader to the account which I have given 
in my Cycle of Enoke’s comet, still the interest attached to its discovery, or 
rather to the determination of the nature of its orbit, and consequent rate 
of its motion, warrants a Parthian glance. As Enoke’s investigations produced 
the surprisingly short period of ono thousand two hundred and eight days, a 
retrospective view was obtained, and by trying back it was found to have been 
seen in 1786 by Messier — Le Fv/ret des Qom^teSi by Miss Herschel in 1796, 
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and by two or three observers in 180B : but it was so small and so difficult 
to be seen even with telescopic aid, and the duration of its appearance was so 
brief, that the only wonder is that it did not remain unnoticed in the heavens. 

The whole astronomical world hailed with the greatest delight the discovery 
of a comet of short period, one so very short as to keep the body constantly 
within, and far within, our planetary region, thus bringmg it frequently to 
our view, instead of driving it to such distant regions beyond, as to load some 
men to think that the other focus of the orbit must be formed by some sfar, 
or remote sun. But, though it might be interesting, we can neither lug in the 
argument, nor the question as to the rare elastic ethereal medium diflnsed 
through universal space (which its frequently observed returns somewhat 
countenance, to the great joy of the undulatory theorists), on the shoulders 
merely of a drawing of the physical appearance of the now weU-known vagrant. 

But, referring to the inference given in the Cycle, (I. pages 251-3,) how- 
ever anomalous it may seem to the motions of the bodies of the solar system, 
the alarming circumstance has been further disclosed, and become an all but 
indisputable fact, that Encke’s periodic time actually does undergo a slow, 
gradual, and apparently regular decrease, indicating a consequence of the gravest 
physical importance. After the known perturbations, and all other disturbing 
causes, have been discussed and equated, the effect of resistance is cleaily per- 
ceptible ; and, though that effect has been considerably eliminated and reduced 
by the skilful labours of geometers, it is rendered thereby more conspicuous. 
In a word, it may be stated that the comet’s period between 1786 and 1795 
was 1208 i days, hut in 1852 it was found to be only 1204 days ; so that its 
path must be a sort of elliptical spiral line continually winding inwards to 
the centre, the successive coils of which are very close together, every succes- 
sive revolution bringing the body nearer and nearer to the sun — ^thus diminish- 
ing in velocity and revolving in less time. Now it is to be apprehended that 
a resisting medium, such as the luminiferous ether of the undulatory theorists, 
being converted from a hypothetical fluid into the real vera coma of physical 
agency, together with the opposition suffered from the denser ether around 



PROPESSOE ENCKE’s COMET. 


379 


the sun, indicate that the system is not made to be eternal. To be sure phi- 
losophers are still at fault, and one of the stoic school asks, “What need we 
care about that ? *’ But it is impossible for a contemplative mind to revert 
to the positive effect of such definite resistance without solicitude and awe ; 
and we may venture to predict it will be well pondered over before 600 
years shall have passed away. As the topic is still a tender one in certain 
quarters, we wOl wait a little. 

The same delicacy, however, and wish to confine ourselves to our own 
subject, will not prevent an allusion to the contraction observed in the size of 
the body of the comet on approaching the sun : for with this is intimately bound 
up all and every change and characteristic in the wanderers. Hevelius had 
first of all noticed that comets (large ones, of course, visible to the naked 
eye) contrasted in size on approach to the sun, and mce •oersd; but the ob- 
servation was strangely overlooked, and precisely the contrary opinion gained 
ground. At length, a few years ago, M. Yalz pointed out that Enoke’s comet 
regularly contracted in diminishing its perihelion distance ; this contraction he 
attributed to the pressure of the dense ether in the neighbourhood of the 
sun. This cause Sir John Herschel showed to be insufficient, and he 
supplied a bettor, but here the matter stopped ; and, so far from applying the 
same theory to largo comets, the contrary law was still supposed to obtain 
with them; they were considered to “throw” or "shoot” out their tails in 
approaching the sun ; and to retract them, if not to lose them altogether, on 
leaving him; thereby proving them to be an entirely different genus to the 
small and tail -less comets. 

More exact observation, however, aided by the fortunate appearance of 
so extreme a comet as that of 184i3, and a calmer consideration of the facts 
of the case, independently of any previous theoretical ideas, has shown that 
all comets decrease in size as they come to perihelion : that the length of 
the comet varies in a certain proportion with the radius vector ; that, conse- 
quently, in the case of a large one like that of 1843, with hardly any perihelion 

distance, it becomes at that part of its orbit, where it remains but for a moment, 
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SO very dense, as to be capable of being seen m tbe day-time, yet expands so 
rapidly after that, as to be soon lost sight of again even at night. In tho 
case, however, of a comet Kke Encke’s, small in itself and with little cxoontricity, 
it never experiences much concentration of substance, and therefore never 
becomes particularly bright : and here, with due deference, I must lodge a dissent 
from a friend’s statement respecting its being of a tawny tint, or fawn colour ; 
for the effects of gaslight on the observer’s retina, and those of atmospheric 
media on the object, were assuredly in the instance here alluded to — and stoutly 
insisted upon — not duly considered. 

That comets’ tails should have been supposed to be produced at perihelion, 
seems only to be attributed to their beeoming then more visible than at other 
times ; they are then nearer to us, and henee seen under a larger angle ; they arc 
closer to the sun, and consequently illuminated with a stronger light; and 
thirdly, they are then more dense, and therefore capable of reflecting greater 
light. Partly, perhaps, also owing to the quickness of the comet’s motion at 
perihelion, by which it is transferred in twenty-four hours from the daylight 
part of the sky to the night : and thus a tail before existing but not seen 
by reason of the light back-ground, is said, when seen brightly on the 
night-sky, to have been suddenly shot out there ; for, be it remembered, no one 
ever pretends to have seen it shooting forth. 

Again, as to the phenomena of the form of a tail, as far as such an 
ni-defined shape is concerned, this is pretty clearly proved by the comet of 
1843 to be an affair of phase-; and there is strong reason to behevo that every 
comet is a complete elliptical figure, with the nucleus in the focus nearest to the 
sun. The phase becomes strongest, or the tad-appearance most manifest, in 
large and dense comets, and least in small and diffuse ones, or in those which 
may be concentrated within a very small space when their perihelion distance 
is very small. But this is not exactly the place to explain the whole range 
of phenomena ; it must suffice to point to our figure of Encke’s comet. Its small- 
ness, together with its diffuseness and little excentricity, causes the illuminating 
rays of the sun to strike upon it, and be reflected back to us with almost equal 
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intensity from every part (independently, of course, of any inherent and proper 
form in each portion to reflect light as from, greater or less density) : here, there- 
fore, we see the whole body of the comet; namely, an oval vapourous mass 
equally diffuse on every side, and moat condensed about one focus, which is 
ever that nearest to the sun. 

We will now give the elements of our comet, as well those which M. Encke 
obtained from a masterly discussion of the earlier observations, as those of the 
verified returns : — 


Date of Forlhollon Foasogo. 

Longitude of 
FerlUolion. 

Ascondlng 

Nude. 

Inclination. 

Ferlliellon 

Distance. 

Exeontrlclty. 

1780, January 

80-9 . 


0 / 

160 38 

0 / 

334 8 

0 / 

13 3C 

0*834 

■m 

170fi, Docembor 

21*4 . 


160 41 

834 39 

13 42 

< i 


1806, November 21‘6 . 


160 47 

334 20 

13 33 



1810, January 

27*1 . 


160 69 

334 33 

13 37 



1822, May 

23*9 . 


167 12 

334 26 

13 20 


0*844 

1826, September 10*2 . 


157 14 

334 27 

13 21 



1829, January 

9*3 . 


167 18 

834 30 

13 21 

0*346 

^■TTnH 

1832, May 

3*9 . . 


167 21 

334 32 

13 22 



1836, August 

26*2 . 


167 23 

334 36 

13 21 

0*344 

^■TTnfl 

1838, Dooombop 

19*0 , 


167 27 

834 37 

13 21 

0*344 


1842, AprU 

12*0 . 


167 29 

331 30 

18 20 

0*346 

^■TTnH 

1846, August 

9*4 . . 


167 44 

334 20 

13 8 

0*838 


1 1848, November 20*1 . 


167 47 

334 22 

13 0 

0*337 

0*848 

1862, March 

14*4 . 


167 61 

834 23 

13 8 

0*337 • 

0*847 

1866, July 

1*3 . 


157 63 

334 20 

13 8 

0*346 

0*847 

1868, October 

18*6 . 


167 60 

334 28 

13 4 

0*346 

0*840 


Erom which it is seen that the motion is direct, with an aphelion distance of 
about 390,000,000 English miles, a perihelion distance of upwards of 32,000,000 
miles, and a period of revolution amounting to only 3*296 years. Eriend Arago, 
with a bias not at all unusual to him, has laboured to assign its discovery to 
Pons, and the finding of its periodicity to Bouvard’s parabolic elements; but 
without impinging on the high merits of both the Observer and the Computer, 
we may remind the reader that no parabolic orbit could represent the observa- 
tions within the limit of error, and it is incontestable that the rigorous and 
laborious investigation of Encke led to the first detection of a comet of short 
period — and that it had been noted previously to 1818. 

The representation on the copper-plate attempts to give the comet just as seen 
in the telescope, with the view of rendering every one who has the drawing in 
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possession, to be as well circumstanced for judging of the phenomena as tliosti 
who saw tlie comet on the night in question. But, nevertheless, the representa- 
tion falls much too short of what an astronomical drawing should be, of which 
the necessary accompaniments ought to be — statements of the probable error of 
the magnitude and brightness of each part. This, however, cannot be attom.pted 
in the present backward state of this branch of astronomy; but the more 
backward it is, and the more it is neglected by others, the more room for some 
one to distinguish himself, and perform real good work, in adding to the general 
stock of astronomical knowledge. Cometography being necessarily joined with 
the determination of the magnitudes and colours of the stars, I cannot but again 
recommend both it and them : and we will close this chapter with the com- 
parative diameters of the heads of four remarkable comets, having the earth and 
the moon’s orbit around it, introduced as a scale — 




CHAPTER X. 


THE METEOROLOGICAL DEPARTMENT. 

Pour reglor nos travaux, pour marquer Ics soisons, 

L’art divisa du cicl les vastes regions. 

SoLEiL, ame du monde I Ocdan do lumierc ! 

Douzg astres difflircnts partagent ta carri&re. 

De Lille. 

If the reader who may have accompanied ns thus far, will kindly refer to the 
evidence of solar induence alluded to in pages 25 to 32 of this work, he will per- 
ceive that we have arrived at the conclusion that aU, or nearly aU, the changes 
which now take place at the surface of our globe, are due, whatever modification 
may be assumed, to the emanations and actions of the sun. The proximity 
of the moon, too, renders her also a predominant cause ; and as by their forces 
unequally exerted over its surface they raise the tides in the ocean, so they must 
likewise agitate the atmosphere with a corresponding reciprocation. Electricity, 
magnetism, hght, galvanism, heat, and all their affinities, have doubtless a 
common source; and when that source shall be propounded by some master- 
mind— another Newton, and the alternating periods of fine and foul weather 
experienced in every part of the known world come to be ascertained, we may know 
something about Meteorology. Could we unravel the intricate maze, we might 
trace the true alternating agent of each distinct motive action affecting the 
atmospherical tides, and hence deduce the ultimate effect on the weather as 
arising and driven by the compound operation. Much of the regular or periodic 
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winds, and a large share of the aqueous circulation, obviously result from solar 
action, in combination with the earth’s rotation on its axis ; and many a minor 
consequence is easily accounted for by local peculiarities. Herein hypothesis and 
fancy offer warm enticements to speculation ; but to acquire a proper knowledge 
of, and a mastery of the subject, stUl demands the strenuous and continued aid 
both of theory and practice, for, so to speak, we absolutely know but little as yet. 
Still the barrier to a better acquaintance with c^uo-ij is assailable, since slio seems 
to keep no secrets hidden from resolute inquiry : but the searcher after truth must 
never forget the Newtonian axiom — *‘No more causes are to be admitted for the 
explanation of any phenomenon, or class of phenomena, than are true and 
sufficient.” Astronomy, chemistry, and geology have surmounted many Jbr- 
midable and apparently impracticable impediments ; and who can give an opinion 
as to what meteorology may accomplish before a century hence — 

Nature well known, no prodigies remain, 

Comets are regular, and the tides arc plain I 

My late esteemed friend, John Frederick Haniell, who expired on duty in 
the Council-room of the Boyal Society, observed that “ Man may with pro- 
priety bo said to be a meteorologist by nature;” because watching the 
atmospheric vicissitudes, on which he is so dependent not only for his comlbrt, 
but even for his subsistence, is a necessary portion of the labour to which he 
is born. Investigating the weather is but studying the conditions and varia- 
tions of the air, as influenced by the elements of rest and .motion, wind and 
calm, heat and cold, moisture and drought, together with other similar par- 
ticulars: still the study is to the philosopher one of interest and delight — to 
the observer of nature it affords objects of grandeur and sublimity — ^to the farmer, 
the fforist, the traveller, and the physician, it is in some measure a study of neces- 
sity — to the seaman it is yet more especially and urgently important — being a 
sworn auxiliary to navigation. But, though these phenomena — the vital stimuli 
of organized beings — have consequently occupied the attention of' all classes of the 
community from the earliest ages, it is in comparatively recent times that the 
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inquiries of Redfield, E;eid, Dove, Maury, Espy, and others, show that, capricious 
as the weather appears to he, it is nevertheless certain that it observes laws as 
stable and constant as those that govern all other natural phenomena. 

The actual science of meteorology, however, has languished for want of the 
spirited and pointed aid which is given to other branches of physical inquiry 
by associated bodies of votaries. Many valuable registers were kept of which 
the mere numerical mean values were known, while others were entirely lost 
from want of being classified and reduced. It therefore struck a few amateurs 
that, in order to secure the advantages of arrangement, publication, and well- 
concerted combination, an express association ought to be formed ; and accord- 
the 4th of April, 1860, a meeting of some friends of the science was 
convened by Dr. Lee at Hartwell ; where, in the library, they agreed upon a 
general system of observation, uniformity of registry, systematic communica- 
tion, and other measures for insuring precision to the advancement of the 
aero-statical branch of physics. At this decisive meeting, the gentlemen pre- 
sent elected Samuel Charles Wliitbread, Esq. of Oardington, near Bedford, as 
their President, appointed an efficient Council to carry out regulations, and thus 
established the present British Meteorological Society. The fliTn and principal 
objects contemplated were thus enumerated : — 

1 . A coUectiou of correct manuscript observations. 

2. riic publication ol tables to be used in ctilculations. 

3. The reduction of observations to useful results. 

4. A collection of all observations of the same phenomena. 

5. Ihe formation ol a repository to which observers may consign the results of their labours. 

6. The distribution of meteorological papers. 

7. The examination and correction of meteorological instruuioiits. 

8. riic encoimagemcnt and promotion of meteorological science. ' 

On many points of this paramount inquiry, it must be confessed that 
experience has anticipated theory ; and intelligent diligence — without which 
no useful knowledge can be rendered effective— has still to detect the art which 
Nature uses in governiug the physical forces and complicated alternations of 
Meteorology. Yet the general bearing of the local climate is pretty well 
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approximated l3y tlie weather-records which Dr, Deo has had regularly kept 
since 1829 to the present time : from which, and from the many observations I 
have been enabled to make, and direct to be made, in numerous visits during 
each of the elapsed years, some tolerable conclusions may be drawn. My re- 
marks here, however, will principally relate to a group of ten years; lor the 
highly improved scheme of register introduced lately by Mr. Glaisher, of the 
Greenwich Observatory, will no doubt form a future feature of the HartwcU 
climatology. Prom the data already collected, it is seen that the usual annual 
extremes of weather take place in J anuary and J uly ; but that certain con- 
ditions of wind, and other atmospheric phenomena, occasion interruptions, so 
that the greatest cold may occur in a range between December and March. 
In rapidly wading through the recorded columns, the prevalent winds api)ear 
to be those from W-S-W. to S.S.W., and the E.N.E. wind is the coldest in 
spring. The most intense heat happens during settled weather and south- 
easterly winds in the summer, the maximum of the thermometer occui*ririg 
between 1 and 2 p.m,, and the minimum just before sunrise. This may bo 
further illustrated, by submitting the general annual mean carefully derived 
from the average monthly results of the register for 1837 ; a year in which 
I had occasion to pay a marked attention to the details, in order to compare 
them with a summary of those observed at Oxford and Bedford : and moreover 
it was a year remarkable for the establishment of simultaneous magnetic observa- 
tions over the globe— to the which I was an earnest though humble acccssoiy. 
In this attempt two barometers were usually noted, but the reliance was upon 
one supplied by Mr. Thomas Jones, of Charing Cross, for the observatory — the 
cistern of which is about 400 feet above the level of the sea ; and the prin- 
cipal thermometer is the self-registering one of Mr. James Six, as described in 
the Philosophical Transactions for 1782. There were three hygrometers, but 
that selected for the comparison in hand was similar to that by which I 
obtained the dew-point at Bedford ; it was made with twisted filaments of the 
anclropogon contortwm, a grass of extreme sensibility, brought from India by 
my friend the late Captain Henry Kater (Cycle I. page 346). The indications of 
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this were shown hy an index graduated to one thousand parts, from immersion 
in unslacked lime to saturation in moisture ; and these parts were afterwards 
reduced to degrees of a circle and tenths, whence the dew-point was approxi- 
mately deduced. During 1837, there fell 22*81 inches of rain; and the pre- 
dominant winds were S.W., S.E., N.E., and West, the least prevalent being 
the South. This is the general summary through that year : — 



Max. 

Min. 

Mnd. 


Inches. 

Inches. 

Inohoa. 

Barometer . . 

. 29-92 

29*02 

29*47 

Extremes 

. 30*41 

28*30 


Thermometer . 

. 60°*7 

p 

do 

' 51°*25 

Extremes 

. 81*4 

20*6 


Hygrometer 

. 70*80 

48*4 

59*6 

Dew-point 

. 55*6 

37*0 



In the year 1839, the east and west winds, with currents from tlieir sub- 
ordinate rhumbs, were the most frequent that blew, as if alternately condensing 
and dissipating the weather-waves. The quantity of rain which fell was to 
the amount of 27*30 inches; a fall of one inch over an acre of land being 
nearly 23,000 gallons. The average pressure of the atmosphere for that year 
was 29*97 ; and the mean temperature was 49®*15 — being 46"*13 for the 
spring, 01*11 for the summer, 60°*37 for autumn, and 39*01 for the winter; 
the several subdivisions being — 


Jiinuiiry . . . 38°-49 July .... 62°'65 

February . . 38°'92 August . . 61°’49 

March .... 40°'05 September 57°*74 

April .... 47°*13 October . . 52°-16 

May 61°-20 November . 41°’22 

June 59°' 18 December . 3 9°* 63, 


I may here state, although perhaps it is barely necessary, that by the 
seasons above given, the common division is meant ; namely — under Spring, the 
months of March, April, and May ; under Summer, tliose of June, July, and 
August ; tlie Autumn consists of September, October, and November ; and 
the Winter is during December, January, and Eebruary. The transitions of 

the seasons, the alternations of day and night, the changes of old and new 

3d2 
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years, and other physical movements pert ainin g to the laws of nature, form a 
counterpart or image of the vicissitudes of human life. Hence the wind up 
of Thomson, — 

Beliold, fond man 1 

See here thy pictur’d life ; pass some few years. 

Thy flowering Spring, thy Summer’s ardent strength, 

Thy sober Autumn fading into age, 

And pole concluding Winter comes at last, 

And shuts the scene. 

Still, where content exists, winter has its amenities. Thus Cowper — 

Now stir the fire, and close the shutters fust, 

Let fall the curtains, wheel the sofa round, 

And while the bubbling and loud hissing urn 
Throws up a steamy column, and the cups 
Tliat cheer but not inebriate, wait on each, 

So let us welcome Winter^a cv’ning in. 

Among the phenomena noted at Hartwell, I crave admission for one oit 
account of its affording a plea for a preposterous vision of the medimval sagtw, 
and thereby relieving them from the grave charge of prepense fraud. On tlu' 
23rd of March, 1863, a very remarkable lunar halo and paraselene were seen 
from 7^ 8“ p.m. to 16”>i, attaining its maximum brilliance at 7*^ 40™, wbon 
the two mock moons were remarkably bright, and of various colours. The 
paraselene on the east of the moon was of a uniform whitish colour slightly 
tinged with orange — that on the west exhibited decided prismatic hues, being 
blueish towards the moon, and a reddish yellow on the opposite side — while 
the large halo was nearly circular, and its diameter measured about 62° from 
east to west, the semi-diameter being ec[ual to the apparent distance between 
1 ] and 3 Ursse Majoris. At this time the evening was very fine, with light airs 
from the N.N.E. quarter — the barometer being 29'36 inches, and the ther- 
mometer 31°. The following accurate engraving of it is reduced from a largo 
drawing made by the ingenious Mons. E. V. Easel, who watched the commence- 
ment, progress, and dissipation of the pageant, from the vicarage at Stone — 
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Sir Jolin Herscliel has remarked that very strange things were seen in 
the licavons before teleseopes came into use; and that optical invention did 
not dissipate them, I have shown in the Cycle, (II. page 228,) where I have 
exliil)itcd the sudarium of S. Veronica as seen by Padre Do Pbeita, with bis 
binocular spy-glass. Now the sagos of the Nuremberg Chronicle assure us 
(fol. CCIII. 6), that in the year 1160 A.D., after the Emperor Erederick — 
cognomento Ba/rharossa — had carried fire and sword into Lombardy, “ with the 
valour of a soldier and the cruelty of a tyrant,” there were seen, for about two 
hours on the 9th of September, while the sun was in the west, three human 
faces on its disc before it set. In a similar way, in the l)eginning of the year, 
three moons appeared with a holy cross in the midst; which “visions were 
interpreted to indicate great discords among the Cardinals in electing a Pope.” 
There were also many cities shaken and people killed by earthquakes during 
those unhappy schisms. This is a copy of the representation given in that 
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portly tome, and the good-natured reader will make allowance for the ignorance; 
superstition, and troubles of the time — 



Human faces were no doubt seen aloft from Plutarch’s days to those of 
Barbarossa and the contending Popes, when the above phenomenon appeared ; 
and the pleasing hallucination lingered through the dark ages, to the no small 
profit of the astrological seers who preyed on the ignorant. More than tour 
hundred years after Barbarossa had been gathered to his fathers, the same 
impression regarding parhelia obtained ; and we can produce a still bott('r 
representation of one than the Nuremberg sages could procure for theii xylo- 
grapher. In the third voyage by the Dutch to find Cathay and China, undci 
the leadership, though not command, of that persevering and determined navi- 
gator Willem Barentsz, who was rated chief pilot {ppjperste stuermam) to 
Jacob von Heemskerck, a noble who was not a seaman, we find such an inci- 
dent recorded. While the two ships forming the expedition were battling 
among the haunts of sea-horses, and “cruel big bears,” they suddenly saw 
a wonderful sight in the sky, or rather sign in the heavens {Een wonderl^clc 
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hemel4eijcken)j wMch was reasonably enough described by De Veer, an eye- 
witness, whose narratiye was translated by WiHiam Philip, at the mtreaty 
of Eichard Hackluyt, in 1609. The passage in question is thus rendered — 
“The fourth of June, 1596. And when the sunne was about south-south- 
east (5 p. 9, A.M.) wee saw a strange sight in the element : for on each side 
of the sunne there was another sunne, and two raine-bowes that past cleane 
tlnough the three sunnes, and then two raine-bowes more, the one compassing 
round about the sunnes, and the other crosse through the groat rundlo (arc 
or circle of the larger rainbow) ; the great rundle standing with the utter- 
most point elevated above the horizon 28 degrees.” This is sufficiently 
simple and clear ; but it is evident that the whole of the hardy crew did not 
use the narrator’s barnacles, for the following view of the spectacle is faithfully 
copied from the plate which illustrates the original publication : and moreover 
there is the anachronism of a day in introducing the lumps of ice which 
arc floating about, for Gorrit De Veer expressly says — “The fifth of Juno 
wee sawe the first ice, which woe wondered at.” The reason of the wonder 
was, that a man walking the forecastle suddenly and loudly sung out that swans 
wore in sight — “ which wee that were under hatches hearing, presently came up, 
and perceived that it was ice that came driving from the groat hoape, shewing 
like white swannos.” 
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What has been above advanced, may be deemed to afford a tolorublo view ol 
the climatnre of the place for the present ; but, as before remarked, the iTupvovi^l 
system of observation and registry of the weather introduced at J_tai*tvveil will 
inevitably yield results of a more accurate character. And the object is w(dl 
worth pursuit; for, though certain branches of meteorology may long rcMiiniii 
among the physical desiderata, yet much may be achieved respecting clouds, 
vapours, winds, thunder, lightning, hail, rain, ignes fatui, and other povc(‘ptil»le 
phenomena of the lower regions of the atmosphere, which cleanse tlie air — tliat 
means of health, invigorating the weak and refreshing the weaiy. CoiisidcM'abU' 
advance has already been made in inquiries as to the luminosity, temp(n‘aliu'i‘, 
gravity, moisture, and all the come-at-able agents of our cnvelojx); but theses 
questions are so beset with difficulties, that our utmost knowledge in this rtssjx^et 
does not grasp sufficient facts to reduce the various and uncertain plunionuMia io 
formal rule, or to establish anything like a certain theory. The zeal now extuli'd, 
however, in various observatories, as evinced by many published and widi^ly 
circulated registers, wiH, very shortly, set the long-prevalent fancy for tlu^ liiiuir 
cycle at rest, a belief by which the revolutions of the moon’s nodes arc to place 
everything exactly as it was nineteen years before. Chemistry and geology bavt' 
lately surmounted formidable impediments, and achieved wonders; and who dan* 
pronounce an opinion as to what meteorology may become, oven before tbo lapses 
of another century ? 

In the explanation of the earth-thermometer performances, given by iny son 
C. P. Smyth, in the Xlth volume of the Edinburgh Astronomical Observations, 
he delivers his conclusion respecting the amount and probable inconstaiujy of tlu^ 
heat given off by the sun, for which theory has no guarantee. Pour long tlnn*- 
mometers were carefuUy inserted at different depths in places within the Obscr- 
vatoiy inolosure on Calton HOI, in 1836, by . Professors Porbos and llondorson, 
with a view to the question of the proper temperature of our globe— of what i.s 
the thermometric effect of the whole solar heat which falls in a year on tbo 
surface of the earth— how much is transmitted to the interior— how iniicli 
dissipated at the surface— to what depth the influence of the seasons extends— 
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and in what manner that influence is modified at different depths. The 
registered observations, embracing a period from 1838 to 1854 inclusive, were 
ably discussed by my son, who concluded a laborious investigation of all the 
olflcial documents with this remarkable peroration: — 

Amidst many other remarkable features, one cannot but be struck, on inspecting the curves of 
the annual moans, by tbo fact, that each of the four thermometers indicates on the whole a pro- 
gressive increase of the mean annual temperature firom 1838 — 1854. 

What is the cause of this? If it be in the sun, the phenomenon is of the utmost importance, 
and demands continued and earnest attention. But does it arise from any slow alteration of the zero 
points of the thermometers? I have been assured by an eminent Cambridge author on the theory 
of heat, that there is no cause known likely to produce such a change ; and there is also Professor 
J. D. Forbes’ actual trial of one of the thermometers detailed at p. 229, tending to prove the same . 
position practically. There is, too, a happy feature in the curve of the 12-feet thermometer, whidi 
makes it probable, and a happier feature stiU in that of the 24-feet thermometer, which renders it 
quite ccjtain, that the epoch of our commencement, viz. 1838, was precisely at the bottom of a wave 
of temperature with about a sexennial period, and of which there are consequently three, all most 
distinct, within our period, 1838 — 1854. 

Making, however, all due allowance for this circumstance, there still remains such a decided 
average increase of each thermometer for the whole time, that there certainly must be either a change 
in the instruments such as natural philosophers declare is altogether unhkely, but which it would be 
well that the Observatory had means for inquiring into ; or, we have indications of the sexennial 
waves being but the periodical ripples of a larger secular wave in the development of solar light 
and heat; the summit of which wave may bring us years warmer than any that have been felt in 
our own days, and the bottom of it periods of cold in corresponding severity. 

Hero is an interesting conolnsion; for, altbongb Meteorology as a contributor 
to folk-lore and weather wisdom has revealed no end of good items, it must be 
confessed that as a science she has as yet been so stubborn as to appear hope- 
lessly unapproachable. Still she evinces considerable sensibility under dexterous 
usage and reliable experiment : and it really appears that the “ earth-thermo- 
motors ” here treated of have actually obtained a concession, however slight it 
may prove. The majority of English meteorologists— as weU as those of the 
continent— must well remember that, from about the year 1842, we had a 
succession of cold humid springs and stormy summers, with very few exceptions, 
down to 1865 ; and that since the latter date to the present epoch, 1869, we have 
experienced four seasons more characteristic of central France than England— 
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indeed the season which has just passed may be even rated at a higher tempera- 
ture. I’rom 1866 the ^Fahrenheit thermometer has reached 90° every Hummer ; 
and, since 1867 inclusive, more than once. But in 1868 and 1869, I notcul that 
it really and fairly attained to 94°, the instrument being in the shade. In a word, 
within the period thus named we have experienced , the hottest summorH, the 
hottest months, and the hottest days hitherto recorded by proper meaiw ; and to 
this the agricultural, floral, and horticultoal worlds have all and Hcwerally 
borne unquestionable evidence. Weigh this well, and think 1 

It will readily be admitted, that much has been done towards inveHtigalliig 
, the constitution of our envelope and its extent, as well as that human iiitoliig(nH!(^ 
has long been occupied upon some of the physical forces concerned in atmoHijlu'ric 
phenomena: but a correctly true knowledge of the habitudes of tho pcirmaiumtly 
elastic fluid, is still a most stringent desideratum — one requiring wide co-opc', ra- 
tion, and a full application of zeal and perseverance. We must hero, ho\v(n'er, 
quit this, and return to our more local subject. 

The meteorological department at Hartwell has been placed undcir (-.art*, 
and diligent registry of Mr. Samuel Horton, who for some years j)aHt has fur- 
nished observations to the Registrar General of Births, Heaths, mid Marriages, 
for publication in his ofiBlcial returns. An improved system of oliHorving and 
recording the various atmospheric phenomena has been introduced luu’o by M.r. 
James Glaisher, B.R.S, of the Royal Observatory at Greenwich ; and the in- 
struments now relied upon are as follows: — 

^ I. llie Barometer is a standard one, made by Barro-w under tlic auparintciub'nce of Mr. 
Glaisher. ^ It is of brass throughout; the scale is divided to Qin-OOS, and bu’uumiLes in a conical 
point of ivory, which in observation is made to touch the surface of tho mercury in tlie cistern, 
and the contact is very readily seen by the reflected and the actual point appearing just to mw.t 
each other. The vernier subdivides the scale divisions to Oin.002 ; it is moved by its tuvk uiid 
pinion, till the ray of light passing under the back and front ports of tlie scmi-cylindrioal plate 
carried by the vernier appears just to touch the convex surface of the mercury in the tub(!. 

The tube is 0i“.32 in diameter, the mercury has been boiled within it; the correction for the 
effect of capiUary attraction is therefore Qin-OlS to be applied additionally. The cislem is ol’ glass. 
This mstrument is recorded every day at 9 a.m. and at 3 p.m. At the top of the instrumeut are three 
screws, turning in the 6xed part of the support for adjustment to verticolity: and the readings of 
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tlic baroinctor arc all too low by 0*“'002, as determined by Mr. Glaisber. All observations of tTiia 
barometer arc increased by ©'■“•OIS for capillarity, and by 0™‘002 for inside error, and they are also 
corrected Ibr tbc difToronce of temperature of tbe mercury in tbe tube at tbe time of observation, 
from 32°, by the application of tbe corrections contained in tbe table for barometers whose scales are 
engraved upon brass reaebing from tbe level of tbe mercury to tbe vernier. In practice one 
correction only is needed, a special table baving been formed based upon tbe three necessary 
corrections. 

JI. The Dry Bulr Thermometer is mercurial; its scale is divided to 1°. Its Index errors 
have been determined by Mr. Glaisber. This instrument is read every day at 9 a.m and 3 p.m. 

II. The Wet Bulb Thermometer is mercurial; its scale is divided to 1°. It index errors 
have been determined by Mr. Glaisber. Tbe brdb is covmred with a piece of fine muslin, and near 
to it, but distant from the (by bulb thermometer, is placed a small cistern of rain or distilled water. 
A piece of cotton lamp- wick is connected with tbe muriin, and its end dips into tbe cistern of water ; 
tlie water by capillary action ascends, and keeps the muslin on the thermometer constantly wet. 
This instruinent is read every day at 9 a.m. and at 3 p.m. 

JV. The Maximum and Minimum Thermometers. The self-registering thermometer for 
maximum temperature of tlic air is mercurial, with a transparent bulb; its index is a piece of blue 
at(!el win'. Its scale is divided on box-wood to 1°» This instnunent is read every morning at 9 A.M. 

V. I’lie Minimum Thermometer. Tbe self-registering thermometer for minimum tempera- 
ture of tbe air is of alcohol, with a transparent bulb; its index is glass, with a knob at each end. 
Its scale is divided on box- wood to 1°. This instrument is read every day at 9 A.M. 

PoHi'rioN or THE Thermometers. At tbc distance of 58'5 feet south of die bouse, and on 
a grass-plot is fixed a post, wliicb carries a revolving frame, similar in its construction in every 
rcsja'ct with that at tbe Koyal Observatory at Greenwich. This frame consists of a board four 
feet one Inch and a half wide at tbc base, and of another board one foot eight inches high, connected 
with one edge of tbc horizontal board, and projecting upwards; and of two parallel inclined boards 
sc})aratcd from each other by three inches, meeting tbc other edge of tbc horizontal boai’d, and tire 
top of the vortical board. Upon tbe face of the vertical board are placed aU tbe thermometers in 
giicb manner that their bulbs project below the vertical board, and arc about four feet above the 
ground. Above them is placed a projecting roof, to protect them from the effects of radiation and 
rain. The frame is always turned round after every observation, so that its inclined side is turned 
towards the sun. 

VI. 'fho Kain Gauge is a simple cyliadcr gauge, eight inches in diameter, and therefore 
having an area of 50'3 scjuarc inches. The height of the cylinder is thirteen inches and a half; 
at the depth of half an inch from the top, within the cylinder, is fixed a fiznnel (an inverted cone) 
ol' six iiujhoB perpendicular height: with the point of this funnel is connected a tube, one-eighth of 
an inch in diameter, imd half an inch in length; a quarter of an inch of which is straight, and a 
quarter of an inch is bent upwards. By this arrangement, the last drop of water remains in the 
bent i)art of the tube. The upper part of the fimnel, or base of the cone, is made to touch the 
internal part of the cylinder all round, and it is believed that evaporation is totally prevented. The 
cylinder is sunk eight inches in the ground. The quantity of water thus collected is cai-efully read 
at the end of every month. 
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VII. In addition to these instrumente, a standard thermometer is placed on the revolving stand; 
so that, in the event of an accident happening to the dry bulb thermometer, the scries of observa- 
tions would be continued unbroken; and duplicate instruments of all kinds are kept for the same 
purpose, nearly the whole of which have been closely ezamined, and their several index-errors 
determined, by Mr. Glaisher. 

On every day from the observations at 9 AJU. and also from those taken at 3 p.m. tlio true 
length of the column of mercury supported by air, and that portion supported by water mingled 
with the air, are determined, as well as the true temperature of air, evaporation, and the dew 
point; the weight of a cubic foot of vapour, the additional amount of vapour required to saturate a 
cubic foot of air, the degree of humidity, and the weight in grains of a cubic foot of air under its 
then pressure, heat, and humidity, are determined. All these hygrometrical results being calculated 
by the use of Glaislier’s hygrometrical tables. 

The average monthly and quarterly values of all these elements are determined, and they arc 
published quarterly in the Reports of the Registrar General: and the whole of the instruments are 
frequently examined by Mr. Glaisher, who also examines all the meteorological work in ptogress. 

Since this establishment was carried ont, a well-made anemometer has been 
added to the mechamoal force thus enumerated, in the hope of contributing 
towards the requirements which areometry now demands, by approaching the 
determination of winds with accuracy, so as to strangle the absurd method of 
registering, for science, such inconstant quantities merely by our own feelings. 
From the long prevalence of this practice, and the absence of instrumental aid, 
little hitherto has been advanced for the true ascertainment of the actual 
strength and velocity of the air. The efforts of Wolfrus, Leutmann, Brice, 
and others, have not answered; but Edgeworth’s mill principle, with the im- 
provements of Robinson, Ostler, Whewell, Piazzi Smyth, and Harris, have 
lately brought anemometiy* out into the fair-way of knowledge. The Hart- 
well machine is at once simple and portable : it is furnished with four hemi- 
spherical oup-vanes, which give motion by an endless screw to a train of 
wheels and pinions showing the number of revolutions made, on Massey’s 
method with his well-known patent log. 


hannles?w a work published in 1813, makes an angry predi«mtion of this 

“nm + ^ derivation, avtfiogy wind, and ^srpov, measure Les savans," he remarks 


Non, il n'est rien que Nanine n’honore." 
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An nfViftr addition whioli Dr. Deo lias added to tlie meteorological battery 
is one of tbe best Aneroid barometers wbicb tbe art of Negretti and Zambra 
can produce, upon M. Vidi’s principle of a metallic chamber partially exhausted ; 
and a very beautiful— though not independent— instrument it is, for quickly 
indicating every variation of atmospheric gravitation, only that, even when at 
rest, the difference between it and the barometer gradually and irregularly 
increases, thereby denoting too high a pressure. The beauty and compactness 
of the Aneroid, aided by over-bearing advertisements, made it leap into favour 
^er saliwm, insomuch that many were induced to substitute it for the mer- 
curial barometer; and this led me to examine it closely. The conviction 
arising from that scrutiny was so strong, that I warned travellers respecting 
its too hasty adoption from the chair of the Eoyal Geographical Society, at 
their Anniversary of 18B1— being then the President ; and the reader will find 
an extract from my Address in the Appendix to this volume. No. VI. But 
while I consider that for certain important scientific purposes this instrument 
was greatly overrated, and therefore mischievous, I readily admit that it is an 
admirable weather monitor, and remarkably well adapted for general nautical 
uses, because it is less sluggish than the marine barometer in its indications, 

and more ready to read under violent motion. 

A third additament consists in noticing the hues of test-tickets, or ozono- 
meters, which are strips of papers chemicaUy prepared by Negretti and Zam- 
bra, of Hatton Garden, London, on Dr. Moffat’s new formula, for the detection 
and strength of ozone in the atmosphere. This is a singular aerial principle 
discovered by Dr. Schonbein, who described it to me as an odour derived 
directly from electricity: but as to its actual presence, and effects, we have 
yet to multiply observations to a great extent, before hints can be^ converted 
into certainties. The present manner of ascertaining whether it exists, is by 
puttiug a slip of the test-paper in a place freely exposed to the air, but protected 
from light and atmospheric currents ; it is then compared with a prepared 
scale and registered, but the form can only as yet be deemed conventional, 
and the relative values of precarious ascertaioment. The difficulty of theo- 
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rizing upon such scanty and delicate data ought not, however, to impede the 
continuance of observing the facts. 

During eleven years of the time that I was employed in the Mediter- 
ranean, I carefully kept a very regular account of the fluctuations and gciUTal 
state of the barometer, sympiesometer, thermometer, and hygrometer, ■with, 
of course, a due registry of the winds ; and the conclusions I arrived at may 
be seen in my Memoir on that classic sea. In order to draw more attention 
to the subject than it had received in some quarters, I wrote several papcjivs on 
Meteorology, and sent them in 1829 to the United Service Journal— a sort ol’ 
Naval official medium— to enforce attention; besides which I limusluKl that 
periodical with a monthly return of the maxima and minima of tlio atmo- 
spheric pressure, the temperature, ram, evaporation, and winds, for u[) wards of 
another space of eleven years. In 1830, I urged the necessity oJ* ils l)(ung 
attended to in our public observatories, in my account of the Dcdlbrd (istahlish- 
ment read to the Meeting of the Astronomical Society; since which n wondtudul 
change for the better has actually taken place (see Cycle, I. p. Sdi-t). Dut, ihougli 
thus earnest in the cause, I never contemplated that mere readings of gradiiat( 3 d 
scales, or watching the vagaries of a needle, should impinge upon tht 3 liiglior 
duties of astronomy, or claim anything approaching to equal rank. Thcv (3 can 
be little doubt but that great accuracy and value has been introduced of lat (3 by 
the system of simultaneous meteorology; and those who discuss bypotluisos 
require the aid of intelligent observers of facts. But, while rendering due 
acknowledgment to all true contributors to our further acquaintance with 
weather-wisdom, we cannot recognize as belonging to that very uscd'ul body 
those who merely clog us with indifferent records — to the dismay oi* tliose 
on whom the task of discussion falls. It may be true that the nuctuatiorm 
of our atmosphere are governed by definite laws, but these laws will not bo 
detected by such assistance. Then again, when we ponder on the rigid, s lilch(‘(l 
from Urania by the photographic registration of passing aerial phcnom(ina, 
however ingenious its automic application, who but must regret the cxpcuuto 
in cash, time, and trouble occasioned by introducing it into an astronomical 
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observatory ? Here, to say the least, it must inevitably damage the more 
important and integral power for carrying out tbe intentions for wMch. tbe 
institution is founded — ^unless indeed it may be at snob a place as Greenwich, 
where there is, or can be, a sufdcient force to allow bf divided work. But, after 
all, I have watched in vain for the photogenic process-involving a continual 
outlay in apparatus, chemicals, gas, and garniture — bringing to light a smgle fact 
which might not have been cheaper, and as accurately, done by the eye. Those 
bound folios of serrated botches now on the shelves of my diligent friend, not 100 
miles from here, are doomed to a moral dry-rot : we fear the process is mostly 
a mere fuss without business — “ great cry and little wool.” ’Tis but an 

ingenious philosophical toy at present. 

Meteorology is also cruelly impeded by the seers of weather almanacs, 
astrological annuals, and the like, who, enjoying an obHvious irresponsibility, 

very shamelessly propagate misleading nonsense ; and 

“ A rousing wHd, at times to vend,” 

with their trash, have not scrupled to “nail’t wi’ ”weU-known and honoured names. 
Thus Halley was fraudulently made use of. Hook was constantly a scapegoat, 
and Newton himself was not exempted : but the most pertinacious attack of this 
kind is, perhaps, the long-continued slander upon the late Sir WiUiam Herschel. 
This meritorious philosopher, in common with all men of true knowledge, was 
well aware of the folly of making weather-predictions under supposed lunar, 
comotary, and planetary influences, the which can never be recognized as being 
under the cognizance or tutelage of Astronomy. Yet some hungry wight ^relying 
on those who according to Solomon are infinite— drew up a prophetic table of 
metooro-astrological presages-or, rather, pirated it from the erudite Cmioaiora 
et Selectiora Variarwm Scientiarvm Miscellmea of Martin Szent-Jvany. This 
sapient document, cooked afresh, was served up and widely circulated as a prepa- 
ration of Herschel’s ; and it was as such eagerly received in numerous quarters 
despite of the indignant defendant’s exerting his utmost to contradict it in the 
pubHc newspapers. One of disavowals was inserted in the FMlosopMcal Magazme 
(vol. xxxiv. page 237), and is thus couched :— 
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“ Many of the public papers, for a length of time past, have occasionally ascribocl certain pre- 
dictions of the state of the weather to me; and several of them have lately gone so far as nct uiilly to 
prefix my name to what they have called a ‘Weather Table,’ in which, according to ccrtiuiii chungeB 
of the moon, wind, rain, snow, frost, &c., are prognosticated. Such a table, by some niisLuko, liaB 
even been very lately inserted into'a very respectable philosophical magazine. In justice to niyst‘lf’, 
therefore, I think it highly necessary that the public should bo undeceived, by iny docliiring lluit t]Jt^ 
table pretended to be of my construction, as weU as every prognostication of tlic state of the weutlu'r 
that has appeared in the newspapers, as ascribed to me, are all gross impositions. 

“ William IlEuaoiiicL. 

near Windsor^ Sept. 16, 1809." 


Now any person would have thought this honest statement would have 
proved a sufficient vindication and caution; hut no, the weed had taken root, and, 
like the recent portentous treatise called Vestiges oe Ojleation, it was rcpi^atcd 
ad nauseam. Even now there lies before me the actual letter which that gr(\at 
astronomer wrote, five years after the above one, to Mr, Xjcigh, the cmiiKUit 
publisher; and from this the annexed plate is copied per factum swiile. 

All efforts to suppress or even abate the nuisance were unavailing, for 1h<i 
divination was copied and re-copied in every direction; and oven the si aid 
editor of the Naval Chronicle was imposed upon to buy and insert it, as having 
been constructed by a naval officer (XXV. page 328), the work of » many years 
actual observation, from a philosophical consideration of the attraction of the 
Sun and Moon in their several positions respecting the Earth. Its object is to 
indicate, on a simple inspection, what sort of weather is likely to mcmcA, 
according to the changes of the Moon, either in the summer or winter. Our 
correspondent informs us, that it is so generally correct as seldom to have 
known to fail.” Laud we the Gods! 

During the Murphy weather-mania, Sir WiMam was again dragged out 
mto print, on which I sent the ahore-oited denial to my Mend Major Clerke, 
editor of the United Serrioe Journal, wherein it was inserted (Part I. of 1S3C, 
pages 102-4), for the edification of aJl the anti-Newtonians afloat, and as a 
warning to the better inclined. That error which proceeds from an invo- 
luntary deviation from truth is easily dealt with ; hut error prepense is a wily 
serpent, quick in gliding about, and difiBcult to strangle even when caught • 
for, after all the exposure above given, I was told lately by a scion of the addle’ 
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headed school — “ I find Herschel’s rules ou the weather always correet. But 
there is no end of the matter — ^in December 1841, Sir John llersohel himself was 
compelled to take the field and write a inissiye to the editor of the T icnfict' 
M)ononiical Calendar ^ in these terms ; — 

It is singiiliir how gruiitly provuloiit the u])uiioii is, thut both niy fiitber iind niyself hnve advo- 
cated the idea of the Moon’s uifiLKsice on the weather, and published predictions and weather 
tables founded on sneh presumed inlluonce. But there is not the shatlow f>l foimdatiim for any such 
idea; on the contrary, all possible piiins have ])ecn Liken on the ])art both of him aud inysoU to 
disavow and disclaim all such pretended tables an«l predictions. I he only way in which 1 have cvei 
eonneeted the Moon anil the weather is by a casual remark, that I very Ircqiiently observed a full 
or nearly full Moon ('i. e. sensibly round) to be accompanied with a sky serene and cloudless, or 
nearly so, at or within an hour or two after its rising, so often, indeed, that, though I do not pro- 
teii.l to see any rational connection, 1 cannot help thinking that there is something beyond accident 
in it, and have therefore recommended it to meteorologists as wortliy of some notice for the future. 
—{See ante, pages 59-60 of this volume.) 

Surely such pertinacity in a wrong cause must originate in the unwhole- 
some weakness alluded to in the Cycle, (I. pages 21-4,) for otherwise the heUef 
in astral inftuonces is unaccountable. The erudite divulgation there mentioned, 
Zadkiel, is already advertised for 1860 ; and the intoUigent public are informed 
that it will ap])car, “ 'With a largo Hieroglyphic of a warlike description, the 
Nativity of Louis Napoleon for some years to come, &c.” Assuredly such inane 
and damaging crudities arc unworthy of tho age which so boastfully glorifies 
itscK before all others as having achieved a very wondrous march in intellect, and 
ought not to find a single roador who is capable of gazing upward— - who 
alone of all creatures escapes tho doom of continually facing the earth— 

Pronaquo ohm spcclenl nuimulia emtera terram, 

Ofl homini sublime dedit, etcluraque tueri 
Jussit, ct credos ad sidcra tollerc vuIlus. 

In tho outset of scionco, tho fluctuations that occur in tho lower atmosjihere 
might seem to depend on the motion of the planets, which are ever shifting their 
berths ; and stellar influence pervaded the meteorological creed of the vulgar. 
But surely the truths of astronomy, together with the results of philosophical 
inquiries into the constitution of the globe’s elastic envelope, should deal a coup 
de grdee to such hap-hazard notions and frivolous absurdities. 
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Heee closes OUT mite towards the grand fund for exploring and cxphiiiiing 
some of the more palpable mysteries of the skies, usually included under the 
sage category — secrets of nature. Tlie probing into these may, for a long tixtKi 
to come, be restricted to the collecting of facts hereafter to bo connocted Avitli 
physical laws demonstrating their structm’o and arrangement, and proving 
throughout the wondrous adaptation of means to tlioir ends. Assur(‘dly 
object of investigation is supremely glorious, and rich is the luirvest Avhich 
yet awaits the precise observer, wlio, fully alive to the marvellous scones around 
him, is prudently callous to the delusive theories of rabid enthusiasm. 

The Oyclo of Celestial Objects, my former astronomical work, sidrich'idly 
exi)lains what the Bedford Observatory was ; and the j)rescnt volunu^, ii; is 
hoped, sliows the rise, condition, and prospects of that of Uartwoll — tlu', last 
being, so to speak, a pot fondling of the former. Several other olfsets of i,h(» 
same stock have also attained maturity, and may success attend them, for it is 
honourable to England that slio has taken the load of the world in thosij praisii- 
worthy private establishments; tlio wluch, while they act mildly as an iucitenKuit. 
to our public observatories, are each lilrcly to polish some particular sci('n1;ilic 
gem for the accretion of mental perception. Moreover, hesidos the posltivf? 
utility of making, reducing, and discussmg heavenly observations, sun'ly 
nothing can contribute more to tho elevation of thoughtful reasoning, and tlu^ 
intellectual intelligence of man, than the contoinplation of tho wonders I'cwtjahid 
by the Omnipotent; albeit our perceptions can only tnico by faint sbad(>wing.s 
the vastness of his power and glory. Mucli is certainly now known; hut 
higher views are in all probability attainable, if tho various ramilicatioiis of 
knowledge are perseveringly and properly pursued : for it is, in tho present day, 
still more obvious than it could have been to Pope, that — 
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All nature is but art unknown to thee; 

All cliancc, direction wliicli thou canst not see; 

All discord, liarmony not understood; 

All partial evil, universal good. 

And now, studious reader, gaae attentively on the appended means oi 
comparing tlie several bodies of our own system only reflect on all tbe 
tigated pbenomena whiob gravitation, controlling tlie lilce laws from Merou j 
Neptune, has produced on their forms and motions by mutual actions on each 
other-and then boldly ask, What human mind dare limit the mechanism, or 
scan tlie design, of tlie material universe ? 


Saturn. 


.Tupiter, 


Uninus. 



Neptune. 


Mars. Earth. 


Venus. Mercury. 
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APPENDIX. 


NO. I. 

STOEY OF THE NEW PLANET, NEPTUNE. 

{Referred to in page 86.) 

“ What if the Sim 
Be centre to the world; and other stars, 

By his attractive virtue and their own 
Incited, dance about Mm varioi^ rounds? 

• Their wandeiing course now high, now low, then hid, 

Progressive, retrograde, or standing still, 

In six thou seest: and what if seventh to these 
The planet Earth, so stedfast though she sconi, 

Insensibly three different motions move.” 

Txius sung Milton in the middle of tho seventeenth century, when Astronnmera were con- 
tented with six primary planets, besides the hypothetical globe which was held by mankind to be 
the centre of tho system : but since that period, no fewer than seven more of dicsc revolvers have been 
detected, and ’tis a joint-stool to Cassiopca’s chair that others will still be found.* Thus tlie recent 
triumph of science in the a prwri pointing out of such a body, because certain twitehmgs in the 
motions of Uranus indicated an exterior attraction, is an advent so unexampled as to form one of 
the most brilliant achievements of intellect ever recorded, and to raise prospects ol future haivcsts. 

Its story must therefore be placed on our pages. 

It wiU be recollected tliat Kepler, looking to the general harmony of the celestial spaces, and 
the obvious analogy which existed in the distances of the primary bodies Irom the Sun, ^d already 
confidently predicted the discovery of a planet between Mars and Jupiter. This notion, though 
not resulting from any known law of nature, seized upon men’s minds. Lambert considered another 
body as vitally necessary in the construction of tho universe; and Bode, in 1772, found that some- 


* Between the time when this prediction was pubUshed (1847) and the present year (1859), no fewer than 
61 small planets have been added to our system! 
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thing was required to make the table, which he had analogically constructed, accommodate itstdCto 
the system. ^ Theacti^ discovery of Uranus nine years afterwards aroused attention to the hypo- 
thetical subject; and m 1789 Baron de Zach confidently published, in the Berlin Almnniio for tluit 
year, the elements of the orbit of the yet undiscovered planet which ought to be found iji tluj vuoiint 
space, making its assumed distance from the Sun 268 milHons of mhes, and its period 4 yearn and 9 
months. In 1800, an association of 24 astronomers was formed for prosecuting tlie search by ob- 
servmg every visible zodiacal star. After the discovery of Ceres in 1801, having nearly this very 
distance and period. Professor Bode communicated his celebrated empuicid law of Llie. i)lunetarv 
sy^m above ^uded to, to Baron de Zach. This simple lav^ is so far a mere experiment, tluit no 
ra on ground or physicd theory can be adduced in its favour, nor is it capable of mathematuiu I 
demontotion; and yet it has had the proud triumph of achieving wonders in respeet to tlio 
i^roid Wy, and has now formed the basis of the heliocontoic disUincc assumed f(,r tlic new 
e^enor planet. The scheme teaches, that the interval between the orbila of any two planets is 
about twice as great as the inferior interval, and only half the superior one. In otluT words, tho 

Mercury form a geometrical series, of which the e.onnuon 
mt 10 1 ^ 2. Now, if the radiu^vector of Mercury is represented by 4, then that ol‘ the other pluue.ts 
wdl follow the annexed law of distance, increasing by 3x2 and its powers; and this very imnmloUH 
relation— which certainly has proved helpful— is thus marshalled ; 


Mercury 

Venus 

Earth 

Mars 


4 

4-1-8 
4 -b 3 X 21 
4 + 3 X 2« 


Ceres (as mean of Asteroids) 4 + 3x3® 

Jupiter 4 + 3 X 31 

4 + 3x2® 

4 •+ 3 X 20 

Neptune . . , . . . 4 + 8 x 2r 

Hypothetic Planet . . . . 4 +■ 8 x 2“ 


' 4 
^ 7 
' 10 
10 
28 
52 
100 
106 
388 
772 
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though mathematicaUv it has n-pn-Tra/q • ^ i ^ primaiics of our Hy.stein : (<,1. 

j j 1 ^ proved ineicact, the cunous coutrivaiice wuh I'omnl i-n P r i • i 

and ready use as the probable exnrPfisinT, it., to lie oI imilornd 

™e thus expieeted-^y the apace tetweeu IrZsutrr' ZT'' r 

Hereunto Venue = 5; then the whole ptaetary eerie may he ftue repr^aZd!l“ 

would give; but it must L tV I*'"’*' 

oerteiuUttleitemeremaiuiug for philoeophy to poudl uZ-T 1 *“™ 

view of the few obeerratioue Htherto taken, may be under Z “• T 

y oe unacr 62 of those rudii: but it sbould bo 
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borne in mind tbat the empirical distance used led to the grand discovery ■which we now treat of. 
At all events, the said distance is not so violently out, but that deeming it an utter failure is troppo 
duro ; for, though in strictness it must bo said to liave miscarried, and is therefore thrown overboard, 
stall it must bo aotnowledged that, unfurnished "with this law, the astronomers and geometers who 
were rowing together, would have been at sea ■without a compass to steer by. It is arid that Titiusi 
a W ittcmbcrg profeasor, gave Bode the first notion of the clever conjecture. 

Few of our readers are unacquainted ■with the empirkdl, though philosophical discovery of the 
Asteroids, as they were prepensely sought for in a region where, according to the best ^eaaes, a 
planet ought to have enieted; and where, upon a singularly strict and methodical semtiny, four 
little planets were actually found— Ceres, Pallas, Juno, and Vesta— which, from several very re- 
ccivcable evidences, liave been inferred to be mere splinters of a large body wUoh has undergone 
some tromondous catalysis. They all conform to the same order of distance— two of them with 
ahuost the same periodic times— but the orbits of all of them, so &r as kno^wn, mtersecting eao 
other in a vciy imuaual manner. This is startling, seeing that every other distance on the scale of 
the Solar System gives but one primary orb, albeit there are satellites in four of the oases. Lagrange 
and Olliers thought that such ruin might be efiheted by a force with a velocity oiJy 20 times that 
of a 24-pound shot on first leaving the mouth of a gun. From this great probability of a mined 
planet, it was considered that other fiagments would sriU be occasionally picked up; and accord- 
ingly lleiT Honcko, of Drioaaen, in Prusria, on the 8th of December, 1845, discerned a fifth small 
asteroid belonging to the same group, which has received the name of Astraa. 

Groat, however, as was the triumph of mind and means which led to the discovery of the new 
plunclmy lamily, the finding of dio Asteroids has just been so greatly transcended, that it must now 
occupy a secondary niche in the temple of Physical Astronomy. By methods depending on the 
furthest advance over yet made in thoorotioal and practical thought and science, a new body of the 
Solar Syslem has been brought to light; and, while the wondrous tidings ate stfil rmgmg m our 
ears, a few words may be accoplablo, oven though wo may perchance pay out a Uttle stmy Ime. 

The doctrine and admh’ably sucoossfiil appUoation of mathematioal analysis to the profound 
study of eolostial phenomena, have opened and matm-ed the perfection of the sci^tific char^to of 
Ast™tomy,and the preponderating importance of the fixed correspondence of cause and effect 
wliidt it unveUs. This surprising mechanism, exhibited by the laws of the planetary motions, may 
be jiisriy considered as the grand foundation of the whole system of positive knowWge: and yet 
in fflilte of appearances, tlio phenomena are, in Ihct, much more conseoutme than would be thoug . 
'nie most complicated problem which they present-that of the modification produced m the 
motion of two bodies tending towards each otlier by their mutual gravitation. Burn Ae influmce of 
a tliird acting on both in the same manner-is much leas complex than some o4er portions of 
inorvanio physios; and yet it presents such diffioulrios that the solutions of it are s^ only approxi- 
mative Ue Solar System has presented oertmu fiicilitiee for advancmg to ^rfecrion m the^- 
ravelling of its several problems; and each hypolheris admits of numerical verification. The 
Xiets of which this system is composed being few in number, having to ma^ very uneq^ 
Ld incomparably smaller than that of tlio sun: their fonns bemg almost spherical, with their orbi 
slightly inclined^ towards each other and nearly rircular: irom these crrcumstances, it results 
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that the perturbations are olhni very slight, and that in order to calculate them it is commonly 
sufficient to take into account, concurrently with the action of the Sun upon each, the influence of 
one other planet, capable, from its magnitude and proximity, of producing sensible derangements. 
These disturbances had heretofore given philosophers no small uneasiness, because they were not 
understood ; and, from what was obvious to the more senses, there appeared to be a general tendency 
in the planetaiy bodies of the Solar System to descend to the commun centre of gravity of the 
whole. Now, imder the potent subjunctive, if this wore true, it would follow that the material 
iiniverse could exist only for a few millions of years longer. Such a catastrophe was truly alarming 
in anticipation; and, in the general dismay and consternation which it occasioned, the tuneful bard 
of the Botanic Grarden thus dolefully sighed — 


“ Roll on, ye stai’s, exult in youthful prime, 

Mark with bright curves the trackless steps of Time; 
Near and more near your beaming cars approaoli, 
And lessening orbs on lessening orbs encroach. 
Flowers of the sky! ye too to ago must yield, 

Frail as your silken sisters of tho field ! 

Star afler star from heaven’s liigh arch shall rush, 
Suns sink on suns, and systems systems crush : 
Headlong oxtinct to ono dark contoe fall, 

And Death, and Night, and Chaos mingle all I” 


But hope waa quickly at hand; the conditions of tho case wore clostdy scrutinized, and the 
geometer, extracting a gratifying destiny from liis formnlm, chanted a puliuody, tuid declared Nature 
to be ^mortal ! In ^ort, the noble brace of oom2xitriote8, Laplace and Lag)'jingo, aftci- submitting 
the celestial pei-turhations to tho test of tho cxtraordinniy resources yielded by tho Diffei'cntlal Cal- 
culus, went far to demonstrate the eternal duration of tho universe: in fact, they fully showed that 
tho offoets of puro pavitation-disturhances in tho Solux System, went on compenBating ono anotlier. 
Nor was this all: tho law of those changes, which prescribes to each its limits, and forces it to rc'cur 
m endless repetitionary series, was clearly established. Tliis was extremely satisfactory on tlio 
whole; but thoro stiU misgivmg inquirers who think that a resisting medium, and other 
natural practical ^ificifltics which may exist, arc not taken account of in the mathcmaticul thcoiy 
ol gravitation. This, however, is bud a maro’s nest as yet. 

SuA, then, is (ho gonord nrgumont. AU (ho phmotoy motions aro affootod by the gravita- 
tion of *0 planets towards ono imothor; mid tlioir places in tho heavens are oompntod bolbroliand 
so (hatlho posiUons given by observation oan bo constantly compared with those previously oalou- 
tatod. This W to tho recent oirtraordinary revelation. Tlio observed motions of Uranus, tlio most 
^tant body brtli^ faown in our system, when thus oompared, wore found not to agree wiUi 
thMo wUcb It ought to have had after allowing for tho inauonoes of aU tho known pbmets. In 
1821, Mens. Alexis Bouvard published his Tables of Uranus, founded on a oontiuuod series of ob- 
serrotions extading from 1781, the year in wHob tbo ddor Uorscbol dotoctod it, to tbo date of his 
pnbboation. Previous, bowovor, to its discovery as a planet, it had aooidontally boon observed no 
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eas than aevmtera timoa aa a filed atar, tke earHeat being in 1690, by Flamatced. Wbcn Bonvard 
™ ooMtraoting Ha tablea, bo attempted to form them aa troU on the older aetbe later obaerrations, 
but, whatoTor ^pse be aaoribed to Uranua, be could not make tbe tboorctioal agree with tbe ob- 
BOTT^ oourae of tbe planet; and, tbinking those diaorepanoiea might be owing to imperfection of 
me 0 an moans m former days, be rejected all tbe obaervationB ptevious to 1781. It was alier- 
wards found, bowoTor, that tbe rejection had been made on insufficient grounda, and that, from 

* !r°o'^”c™ ™ "Jifformoe amounting to no loss a quantity 

ttr IfTT ^ “ “"i ““ 1833, for as early L 

the year 1838 Ifc. Amy, on a comparison of his own observations with tbo Tables, found that the 

planet bad yawed from its computed course by a quantity nearly equal to the distanoo of the Moon 
fern the Earth ; and that it was actually describing an orbit greater than that pointed out bytlieory. 
When It was ffiim found that tbe deviations were lar greater than any which could be t„ 

mere errors of observation-that they were of a regular cbaractei-tbat they were in tbe same 
p ano^ diTtotion-and were of such a nature as would arise from tbo action of a still more distant 
planet, attention was naturally directed to inquire whether the refractory disturbances were sucli as 
to afford a due, which might possibly lead to the location of the invisible disturber, whose attraction 
was thus inll«g the progressive motion of Uranus, and dragging it away from the Sun. TOs 
alter much laboim and many misgivings-betrayed the attractor; for it seemed quite dear that, 
without a departure from the roedved law of attraction, or the actual eiristenco of a massive disturb- 
mg 0 y, icro was no aocountmg for the irrogularitios under notice. The whole, however, was 
hdd to bo a, more transient hypotliosis until within the last handful of years; and this brings us to 

Among all^ tho physical sciences, that which investigates the laws of the celestial bodies and 
oxtads mausviows to other spheres, is unquestionably tho most beautiful effort of the human mind- 
and It foUows that tho rocent installation of Neptune— ono of tho largest planets of our system— is 
among tlio noblest Icata of Astronomy. This wo confidently assort, sinoo tho predicting and 
finding were not tho fi-mts of aoddontal fortune, persovoring scrutiny, or tolcsoopio power; but the 
magnifiomit consoquonto of a judicious oxortion of profound thought and transcendental reasoning, 
n ood, m tho whole history of soionco, there is no event more striking than tliis, and its droum- 

stancos am so mtorostingly curious, tiint wo bog our readers’ close attention to all the loading 
loaturcB of tno case. ^ 

The Asti-onomcr-Eoyal, having been somewliat officially made acquainted with many of the 
Icadmg circumstances, gave a succinct historical detail of them at the meeting of tho Royal 
Astronomic^ Society of London, on the 13th of November, 1846. Thi-oughout Uais intorestL 
discourse, there is internal evidence of tho strictest truth, and it furnishes a mass of successive facts 
winch no mere opinions can rebut. He commences with observing, that the irreconcilability of 
the motions of Uran^ with the law of gravitation gained general credence from the publication of 
the French Tables of Uranus in 1821 ; and he alterwaxds adds— “I know not how far the extensive 
and accurate calculations of M. Engine Bonvard may have been used in the subsequent French 
calculations, but I have no doubt whatever that the knowledge of the efforts of M. Bouvard the 
confidence in the accuracy of his calculations, and the perception of his Mure to reconcile in a satis^ 
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factory tmythe tteory aad tto otarvatior>a,hav6 tended greatly to impress upon aatronomora, both 
French and English, the absolute necessity of seeking some external cause of disturhance. ^ 
November, 1834, Mr. Airy received a letter from lire Eev. Dr. Hussey,^ who had reccnlly visi cd 
Pai-is, in which he remarks on the possibility of a disturbing body outside Uranus bu ai ( s u 
he “ found himself totally inadequate to the task ” of hunting it up, so as to dctcrnimc its pusi ion 
even approximately, or empirically. He therefore relinquished the matter altogether; bu on 
mentioning it to Bouvard, tliat astronomer said it had occurred to him also*— and t luL ausLU con ^ 
jeetured there were two unseen planets in the case, as it seemed clear that one disturbing boi y 

would not satisfy the phenomena. 

This is tlie Astronomor-Eoyars hist point of departure; and die act of publialimg us own 
reply, in which he doubts the possibility of making such a determination, is creditalilc to his 
candour. As, however, straws thrown up often serve to show which way the wind blows, we me 
surprised at the omission of many other existing hints on the subject, for, even dubbing t u.m on y 
fariGiea, they all tend to show that the discovery of Neptune is fairly a result of the march o thong i , 
consequent on the heuve-ahead movement of the age. Now, everybody rccoUccts that ^ Inimaiuud 
Kant predicted, or rather demonstrated, that a planet exterior to Saturn would be lound, us a 
deduction from certain laws which he had established in his Bimmeh System: for he suspected that, 
as nature docs not ordinarily proceed per saltum, the system of planets must pass liy yradatKm into 
the system of comets. Therefore, he asserted, at some future period there will bo Ibiind al. lm»i one 
planet superior to Saturn— whose orbit will be much more cxccntric— and will thus supply a link 
to connect the motions of the planets and llio oometa into a more continuous chain. This inoml, 
rather than mntliematieal, decision was given at least twenty-six years before Ilerschel inadi' his 
discovery. In 1758, Clairaut also supposed the irregularities of Halley’s comet might be owing to 
planets too distant to be ever perceived by us; and a floating notion to that ellect is traci'ahle 
elsewhere. There is a passage somewhat in xioint in J. G. Jacolh’s rocket-book lor 1802, winch 
runs thus— “ Ophion, the next planet beyond Uranus, is 780 millions of miles distant (rom tlie Sim, 
and has an orbit of 250 years. It is not yet discovered.” Signor Niccolo Caccuitore, ol the 1 'alerino 
observatory, must have had notions of a similar stamp, since we find him writing to us iii^ 1835, 
that ho had watched a suspicious star near No. 17 Hora XJl. ol Piassri’s Catalogue', and lound a 
movement of 10" in right ascension in three days: “ So slow a motion,” he said, “ would make me 
suspect the situation to be beyond UranuB.”t 

Mrs. Somerville, in the third edition of her Connexion of the Physical Sciences, 1830, at page 
74, says:— “The tables of Jupiter and Saturn agree almost perfectly with modern observations ; 
those of Uranus, however, are already defective, probably because the discovery of the planet in 
1781 is too recent to admit of much precision in tlie determination oL its motions, or that possibly 


• lu 1B37, Eugtiae Bouvard wrote to Mr. Airy,— “ Cela ticnt-il il une perturbation inoonnue apportlio dans 
les mouvemens de cct ustre par un corps silue au-delii P .Te no sais, maia e’est du moins I’iddo do nion oncle. 

•\ It having been publicly advanced that this stranger and La Vender’s might prove to be identical, we beg to 
remind the reader, that the latter has only 16° of motion in 10 years; whence, from its longitude in 183fi, it was 
then in the xxth hour, or 120® from the scene of Cacciatore’s phenomenon. 
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some uEseon planet rovolTmg about the Siin boyoncl the 
prc^t bonndmos oronx syatem. If, often a kpee of yoax-s, the Tables formed from a combination 

LI™"” ?r ^ *“ of Uranus, tl.o .lis- 

paneios may xCTeal the emsteioe, nay oven the mass and orbit, of a body placed fox ever boyon.l 

MI™' ■ dehTerod in Februmy 1840, Bessel stated-" 1 bav.' 

* W^f 1 ! ““™r *“ Ua Place’s assexaon, tlmt the 

* We havfh^* ion eutimly explains aU the motions observed in our solar system, is iuapplioablo. 
Wehavehore to do noth discordaneos whose e^knation eon only be foimd in a now physi..nl 

orbh^'^’ *“ “““*1 '>“id upon Ito endeavour to discover an 

U™n?tr , T pextuxbationH of 

M",qi 7 o e present want of harmony in the observations.” And in 1841 llorr 

rorly‘tarI’I^tT“ ““ “‘'“ds at least 

orbCr/^b!’ T "f " “““ “dmany of ftose wlmse 

the ffisZri die Z/T u “ - know of 

the Sun - ih r r i ^ ° nearest is distant several liuudred thousand times that of the Earth Iroui 

> s,m. therefore a planet whose dislaaoe is only two ftousand Umes that of die eaith (= 100 xM) would 

proba1.lI ’"™ nbnady very 

follo.ri,!^!!!.”'' ‘““■P^’knWlity, the most important of which is the 

in (lie f 1 ^ 'i'"”''' Wood if, It must (if its mass bo not voy small) act on IJJ, producing anomalies 

the latter s eourso, mexplieable nuless the disturbing body be known. Of oonrse UiL .non, ,u,.„ 

the di. mtag j, anet, these effects rem.uii nearly Um s,uno for a long series of years, are mined up with the 
e (-.mu. s deduced fimn the ohservatioia of tliose years, and are practically insopnrablo from thL I)„t 
oalculauag a eeus.derably earlier series, ot/mr elmneuls would msn t, and one cannot combine b^h serie 
™e systam „ olomeats tvithout leayiag notable tamm. This is maiy the ease wift 7 Bonvl Si s 

olemouts prc-nerschclian observations inoonip.atible with those 

“Itorh— -ohwlmnstass.L;:: 

body Imving b.n Tf, hut too groat to To 

7v'l7h°”°"r"’ “ksorvations ailor 1820 deviate oousidorably from BouvtL’s Tobies 

f^has shown fmm the oppositions of 1833 to 1837 that ^’s radbm-veotar for these years ^07“ ^ 
labl^ by a ,uaut. y e.ooodmg the distsnoe of the Moon from the l,wft, and U.ereforo oe7X 7, 

twenty years, calculated by themselves wonlfl fmwrv -i certainly tlic Jayj 

forw yews. Did wo act takeTra 1 7nr ’ “ 'kt preooding 

y y B uia wo not take into account ^’s perturhalions of i^’s orbit, or h 's of -v ’s orbit L «Ta 
Imd similar deviations, and had we T) 08 S(.HSf.fl a r t. ^ . »? oi if. s orbit, wo should 

Ttovr u -n a 1 a ^ o^scrvations fop a long Bcries of vcaTs it wfni 1,1 

IrT* r7wb 7 ^ "y analytical combinations before " 

pmsummg that oil fto d.sturbmg moasos wore sufficiently well Lown and introdnood in the cSilrns 

3 G 2 



412 


the new PLA.NBT NEPTUNE. 


^ W iiiarta. i!; 7^ W» ^ ^ ,1„„ our »ch« 1 i^i ~u. ™74(c 

her highest tritunph, in a, king discovenea with her mm^s eye m egi 

to penetrate. a uiinn,TTi W in considerahly fainter than die other old pliiiu'La, 

» StiU the latter is not absolutely true. Although ^ is consider y 
it it jet fet from e^e Umit of «; e ehmp noted eje ^ ' 

the Lghtnees Wd be to I’t at ^f’s » Ve «nia not be *e « 

esnecially if its diameter be not too inconsiderable. 

Zett to the EcUptic, rendere it probable that the one oi mote to be diaeoyered do not ^ecl t on by 

Lore 1 " or 2“, and a few yeara' oontinuoua inveBtdgadon of the EoUpdo and tin neart.rt bimta w>, ,1 1 bo . 

tot the moat probable meana of realiaing this hope, m otherwiae of ahowmg that there ta no p mn. ayo 
to whicb the optical power apphed was sufficient." 

The author then prooeedato Wuim, and to Bode’s kw a+j"-'o,to wHdi holw.wover nLUtfltoa 
Utde credit, and aaya that, although thia law might have prevmlcd primitively, the p™«.( S» ur 
System requires perhaps the introdnetion of die maaaes, indinationa, and oxecnUieiltoH: the lat er 
being mihjeot to aeotilar variations, and onr bmng ignorant of the agn el tho Solar Syalem, miilcr 
Bode’s series imperfeot; if true, we should have (i,= 38-8, T, = 243 years; a, - 77'-, I. - 7 
&o. He speaha of its having anticipated the Astei-oidal disoovonos, anti ouiioludca with 
the of the place of the apheUon of the comet of 1680 from Bcssol’s oaloulaUo.ia 

(Table p. 346, No. 36 = 2 x 426-6868 —-00622236 = 853-3664; T = 8813-782 yeara) 11II..W- 
ing of five planets, the last of which, has aj, = 620, T^, = 15000 years. 

In the oruelly-miirdered Bailly’s Trait4 ds VAstromrnk Indimne et Onentale,\lHl, i)ago 2011, 
there is a pointed reference to a Bxahminic diagram, representing llio orbits of tho Hovim ihinoLs 
surrounded by two cixcles caHed Natchatter and Akash; and he lauds the ludliui simplo and nifiDUtd 
tlieory as yielding astronomical tables which — in the absence of Copcmicup, Kcplor, and hlcwlim 
are pretty passable. Now may not these two drcles outside Saturn— instead of a priinuin mobile--- 
symbolize Uranus and Neptune? As it is wilhin possibility that they may huvo boon viHil)h- in an 
oriental sky, their existence might have been inferred by the early Hindoo uHtronoiiKiTS. 

Such hints as to a Trans-Uranian planet may be deemed vague and indofiniU-., and tho luiii- 
jectures, being unsustained by any show of reasoning, were of no Boientific value; yet they ought to 
have been cited at a general muster, as bearing on the updiot; and tlicre is Htill ii point of greaUu 
interest and exactness, whidi should have been noticed. Early in tlic month of July, 1K42, the 
illustrious F. W. Bessel— above quoted— visited Sir John Herschcl at Collingwt)od, wIkui, among 
other matters, he remarked that the motions of Uranus, as he had satisfied himself by ciuvl’ul (ixami- 
nation of the recorded observations, could not be accounted for by tho porturbatiouH of the known 
planets; and that the obhquities ffir exceeded any possible limits of error of obwirvntiou. “ In 
reply to the question,” sap Sir John, “ whether the deviations in question might not be <lim to th(‘. 
action of an unknown planet?— he stated that he considered it highly probable that such was tlio 

oaae, ^being sptematio, and such as ni%ht he produced by an exterior planet. 1 then infiuiro-d 

whether he h^ attempted, fiom the iadications afforded by these perturbations, to (llaoov(ir tlie 
position of^e unknown body,— in order that a hue and cry might he raised for it. From Ida 
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^cply, the words of which I do not call to mind, I collected that he had not then gone into that 
inquiry; hut proposed to do so, having now completed certain works which had occupied too much 
of his time. A few days after this visit to Hersohcl, at a breakfast with us in London, when we 
expatiated on the beautiful coincidence of lively and even fanciful theoiy with industrious practice 
afforded by the Asteroid plot, he remarked — “ There may yet be something still more so, — for what 
if anotlier planet shall be found outside Uranus?” We replied that, should it observe Bodc’s law, 
it would be too distant for vision. “ That,^’ rejoined he, “ must depend on its volume.” With a 
view of attacking this grand problem, on his return to Germany, he engaged the services of M. 
Flemming, to make all the necessary reductions of the available observations of Uranus; the labour 
was wcU advanced when Flemming died, and Bessel was attacked by the fatal hlnoss which 
interdicted every abstruse mental application. 

We have now approached the time when analytical investigation led to a distinct indication 
of the place where the disturbing body ought to bo sought; and the wondrous effoi’ts by which it 
was accomplished arc confined to two geometers — Lc Verrier and Adams; in merit asquaLes^ and, 
all but in circumstance, both imperishably associated in tliis grt^at intell(^ctual achievement. W(^ 
will proceed with the former, as his views were first published to all Eurojic, and his opera- 
tions claim, therefore, priority; — merely premising that each, in ignorance of the other’s labours, 
proceeded to investigate tins most intricate question, and arrived in<le])endontly at all but the sanui 
conclusions, for both pronounced that the probable place of th(( suspected planet was about 325° of 
heliocentric longitude I At the time of their undertaking this almost hopeless investigation, neither 
of these choice s]^)ii’its had attained either the ago or the scuontinc standing to niise expectation: yet 
they solved the stupendous problem with a com})letenesH that surprised the veteran astronomers, and 
demanded the admiration of the whole iutelloctual world. 

In the Comptes Hendits of tlio French Academy, lOth ol’ hJovember, 1845, there is a most 
valuable Memoir, by M. Le Verrier, on the perturbations of Uranus produced by Jupiter and 
Saturn ; and on the errors of the elliptic elements of Uj’anus, consequent on the use of erroneous 
perturbations in the treatment of the observations. lEorem the secular inequalities of those supe- 
rior bodies arc more rigidly investigated than over, and many small tcsrins — un certain nombre de 
peiUs termes qui n^avaieni pas did donruis — added to the conditions; but on a laborious examination 
of the correction for the now elements, it was found to bo incapable of explaining the observed 
irregularity of Uranus. “Cette discordance,” ho says, “prooccupo vivoment los ostronomes, qui 
ne sont pas habituds ii dos paroils m6conq)tes. Ddji cUes a donn6 lieu a un grand nombre d’hypo- 
theses. On est m6mo all6 jusqu’^ jnettro en douto quo le moiivomcnt d’Uronus ffit rigourousoment 
soumis au grand principe do la gravitation univcrsolle.” And ho sums up: — “Tel oat ellcctive- 
ment le sens do I’crrour dcs Tables actuellcs. Soulemcnt, I’deart est plus considerable, et le surplus 
peut tenir ^ d’autres causes dont j’apprdcierai I’inllucnco dons un second Memoirc.” 

The promised memoir was published in the Comptes Rendus for 1st June, 1846, and, though 
rated by its author only a sketch — recherche — was received with delight and astonishment by the 
stuontific public, who seemed to partake of the geometer’s zeal and confidence. M. Le Verrier 
re-considers all the possible conditions of the wandering between theory and observation in the 
orbit of Uranus, and, on grounds of the strictest geometrical reasoning, concludes that none of 
the explanations offered — as the resistance of other, decay of gravitating power, action of a vast 
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satelUte, oi the shook of a oomot-are admissible, save that of an unknown planet. On ihts suijo- 
sition he showed that if this be the cause of the distiubing force, the stranger must bo, not m m> 
die orbit of Uranus, because, if a large body, it would trouble the path of Satmn also; rf a sinu one, 
it would bo inadequate to produce the diaeemod effects; nor, for the same reasons, near on 
the outside of Uranus; but lar enough withmt the orbit of the lattei' to act upon it without 
iicting upon that of Saturn; and large enough to act upon Uranus for long an continuous ijeri ' 
of time. The great question now was-whoro then is this body situate, what is its mast, and what 
are the elements of its orbit? * Tlio groat difficulty here eneotmlercd was, the unceitaiuty relative 
to the precise ellipse described by Uiunus, because aoeoriling to dial orbit s varmUoii the stiangei s 
suppos^inffuenoomust be varied. It is requisite to form die expressions el the pm-turha mn. 
due to the hypothetical body, in (unctions of its mass and of the mikuown elements o the ellipse 
wHeli it describes: these peidarbatioiis must be introduced into the co-ordmates ol Ui-anus emn- 
putedby moans of the unknown elements of tills planets orbital ellipse. Equating tie co ou ui.i is 
thus obtained to tiioso obsoi-ved, the elements of the ellipse deseribod by bolh planets must be re- 
ourded us unknown in the equations of condition wliieli result tliorofroiu. leii, ii^oious y i 

the orbital olomcnts of Uranus, we obtaiu the i-clatious between the stranger s mass, Uie c'X- 
centa-icity of ita orbital ellipse, and its mean lougitude at the commencement. 1 lesi. new re aLions 
determine the expressions of the orbit’s eccentricity, and tlic longitude ol the ptn le ion, m j • 
tions of the mass, and of the longitude of the epoch. EiniOly, only tiie mass of the p .met imd the 
mean longitude at the original time will renmin orbitraiy ; and those must ho scleetol so us hi suit 
the rest. Such arc bard conditions, my mastors: but Lo Vorrier proceeds undm- Hem h. luvest.gale 
sudi cn orbit, assuming a mean distance suggested by Bede’s Luw.andoonebuh'S ly pniiumncmg as 
the most probable result of bis investigation, tlmt the true bolioecnlne longitude ol the ibsturber 
will bo about 325“ for the Ist of January, 1847— oonadontiy affirming, moreover, tliat an error ol 

10“ in this place is not probable. _ i i i 

Never was a bolder paper than this thrown out to public sci'utiny; and it was deemed conclu- 
sive, alUiough it gave but a single clement, witbout affording results respecting tlie. stninger’s muss, 
or the form of its orbit. But in the Comptea Rendus for 31st AugiisL, 1846, M. Lo Verrier com- 
municated a third paper— and a wonderful production it is— in which ho proceeded to hx more, 
exactly the place and distance of the yet unseen planet, the size being pronounciul on a pure lyjKi.’ 
thesis respecting its density. He now distinctly describwl it as a body many times the magmtin e 
of the Earth, and not much less than Saturn, taking more than two centuries to revolve about t le 
Sun, at a distance 32 times greater than that of tire Earth. To obtain the quantities to Hubslnntuito 
these views, he grouped all the observations into 33 equations, cxplainmg the peculiar method by 
which he derives the values of unknown quantities from them : and the foUowmg constitute t le 
elements which he thus acquired for the 1st of January, 1847 


• Perhaps the reader will here like the ipmsima verbaof M. Le Verrier, since they lU'O as remarkable as terse 
-N.mssommesainsi conduila ^ nous poser la question suivantc : Est^il possible que le>. in^rahtes (T IJrayms 
dues dr action d'une plcmUe, siiuk dans I'ecliptique, dune distance nioymne double de cello (VUramsf htsd ey‘S 
ainsi od est actaeUement situi cette plandte f QuoUe est sa masse » Quels sord les Uhnenta de Vorbite qu elle parconri . 
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Moan Longitude 

318° 47' 

Perihelion • . . . . 

284° 46' 

Semi-axis major .... 

3G-154 

Excenti’icity • . . . 

0-10701 

Periodic time, sidereal years 

217-387 

Mass (Sun as unity) -yaV? 

. 0-0001075 

True heliocentric longitude 

326° 82' 

Radius-Vector 

33-00 


ithin one month after the Philoaophor hod thus minutely fixed and pnhliahod boforolmnd 
10 p nco o t IS mystenous hody, defining the limits between which ita hms must ho sought it 
was actually / and the news clapped a stopper on the grave domm-s oft scoptiea, who admitted 

the plaiMbdity of the oonjeoture. hut Imd denied its practia^ application. In a lete received at 
Berim on tlie 23rd ol September, M. Le Verrior urged Dr. Gallo, of the Observatory at that plaeo, 
to sweep sharply for the now star, which he expected would be rocoguised by ite disc: why tliia 
was not regnested of tl.e astronomers at Paris is not in evidence. That very evening GaUe re- 
pamed to ^ post and on comparing the aspect of the examined region of the heavens tvitli 
icmic -or a cxcc ent map, Horn XXI., lie very soon found a star of about tlio Stir magnitude, 
near y m the place pointed out by Le Von-ier, wliich did not exist in the map. Them was litUe 
or no doubt that this was the new planet; it was compared three times Uiat night with a inowii 
flxedatar and :m orbital motion was snspoctod; tliia was aeon confirmed, and the observations of 
the two fo lowing days showed Ilut its march was in the direction of, and nearly equal to, tlie pro- 
dierion Le A eri-ierspi-esumod diameter was 3»-3; audit maynow be considered as established at 

. u , on 1 10 very first monsiu'ation, with illuminated wires and a power of 320, the diameter 
was lotiml to be 2»-g by Professor Encke,and 2"-7 by Di-. Guile: when the field was enlightened tlie 
samoobsiOTers found the diameter to be 3“'2 and respeetively,-btit the later obseivatlons were 
made und« unlavom-ahle atmospheric conditions. This coincidence between and sstfowts is 

m y ai iniiablo, and sliows the wonderlul sagacity with which die existing data had been made use 
0 . .^ler an eiuuiiinatioa ol three days’ obsoivutions, Eucko pronounced that “ the place of the 
planet apes wiUnn om whielt eovrospoiideneo between theoretic computation and aetiial 

obseivaoon mmt have been lully gmtilyhig to Le Verrier, who, in concluding his Memoir 
obsyes:- Tlie error in my computation will be considered very trifling, when we reflect on the 
smallness of tlie perturbations li-om which the place of the planet had been infoiTed. This success 
aUows ol a hope, that after 30 or 40 yearn’ observations of this now body, it may in turn bo em- 
ployed as a means of deteering the next wliich follows it in the order of distance fi-om the Sun 
bus, ui the sequel, we shaU unfortunately arrive at planets invisible on account of then- immcnsi' 
distance Irom the Sun, bqt the orbits of wliich will be eon-ecUy traced, in the course of centuries' 
by means ol the theory of secular inequalities.” ’ 

Thus, then by a profound computation based on vey slight data, the closet mathomatioiim bus 
been armed with mom dian magionui’s powoi-, and not only pointed out the place in which a new 
planet must be found, but also limited the space in wliich to search for it, weighed its mass 
detoimiued its diameter, figured its orbital ch-cuit, and numbered the years of its revolution around 
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the central luminary ! The confident temerity of the prediction was astounding, and staggered even 
the incredulous, for the most sanguine hope could hardly have expected so full a confirmation “1 
cannot attempt to convey to you,” said Mr. Airy, “ the impression which was made on me hy the 
author’s undoubting confidence in the general tmth of his theory, by the calmness and cloarnesB 
with which he limited the field of observation, and by the firmness with which he proclaimed to 
observing astronomers, Looh in the place whwh I have indicated, and you will see the planet well ’ 
And this wondrous and successfiil exertion of the powers of abstruse research was received with a 
burst of rapturous applause throughout the intellectual world; and numerous are the well-deserved 
honours showered on Le Verrier. His own Sovereign ordered his bust to be placed in the College 
of St. L6, and decorated him with the cordon of the Legion of Honour, and he was installed into 
the chair vacated by Count Cassini at the Institute; the King of Denmark enrolled hun among the 
Knights of the Danebrog; and the Emperor of Kussia conferred on him, by rescript, the second class 
of the Order of St. Stanislaus. In England he has been unanimously elected into the Royal and the 
Royal Astronomical Societies: and the former body awarded him the Copley medal for 1846, their 
highest honour. Of the Astronomical Society’s medal we shall presently speak. ^ 

Since tliis singularly grand discovery, the stranger has been frequently scrutinized, both in our 
own country, in various ports of the continent, and in North America. Thus tlie^ kno^ 
boundaries of our planetary system have been at once nearly trebled, and a body added to it which 
though a mere clod, and utterly useless in a worldly point of view, is a gem of the first order m con- 
firming the Iruiiis of the Newtonian doctrines. At present it has an apparently rctro^ade motion, 
amounting to two or three seconds of time daily; but its actual mean hourly motion m orbit must 
bo about 12,000 miles, which is not half the movement of the once-designated sluggish Saturn, and 
is somethmg less than one-sixth of our own rate of going. With a diameter of 43,000 miles, and a 
bulk nearly 200 times that of the Earth, it has a periodic revolution round tho Sun of about a 
couple of centuries. To the slightly aided eye it appears os a star of the 8th magnitude, but a disc 
is raised under comparatively easy telescopic power. Our exccUcnt friend Mr. Lassell, of Liverpool, 
has, moreover, viewed it with the largest equatoreal instrument in existence, viz. a Newtonian re. 
fleeting telescope of his own construction, witK an aperture of 24 inches, and a focal length of 20 feet. 
With this admirable machine, under powers varying from 316 to 567, ho sees something crossing 
the disc, and also a probable satellite. The atmospheric conditions have not been favourable, but 
the streak is seen in the same direction, using two different mirrors, and by several observers. His 
own words are— “ On tho 3rd of October, at about 8^ hours, I observed the planet to have appa- 
rently a very obliquely-situated ring, tho major axis being seven or eight times tho length of the 
minor and having a direction nearly at right angles to a parallel of declination. At the distance of 
about three diameters of the disc of the planet northwards, and not far from the plane of tho rmg, 
but a little Mowing, there was situate a minute star, havmg every appearance of a satellite. I 
observed the planet again about two hours later, and noticed the same appearance. * * # * 

With regard to the existence of the ring, I am not able absolutely to declare it, but I received so 
many impressions of it, always in the same form and direction, and with all the different magnifying 
powers, that I feel a very strong persuasion that nothing but a purer state of atmosphere is necessary 
to enable me to verify the discovery. Of the existence of a star having every aspect of a sateUite, 
there isnob the shadow of a doubt. Afierwards I turned the telescope to the Georgium Sidus 


/ 
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CTiramw), and remarked that the brightest two of his eatcllitcs wore Iv tli.iii 

this small star accompanjdng Le Verrier’s planet.” Since tlnis c(nniimuu‘;itit*n ^^.u iit.nii* li> Mi. 
Lassell, the existence of the ring has been confirmed at Oainl>ri<lf 4 <i ; *!*'■••* an* n-\i-nii iMtlut-. 

which await the furtlier scrutiny of science.* 

Meantime we will submit an extract from the official Report whidi I n»l«*i.nr < hidlir iiiaib* tn 
the Syndicate of that University, on the 22nd of March, 1847 : — 


“ On Jan. 12, 1 had for the first time a distinct impression that tlu*. pliiin**- "ns i-wn'-tnidi d Ity :i rin - 
The appearance noticed was such as would be presented by a ring like that ni Saturn, ■iiu.U'-d with ii- 
very oblique to thedirection of vision. I felt convinced that the obsorvod ttluugatit'ii t'lut’il inti lu* 
to atmospheric refractionj or to any irregular action on tlio pencils oT light, hcaaiiNi* wlii'ti ili** rtlijt-ri wa** ju ra 


most steadily I distinctly perceived a symmetrical form. My assistant Mr. I\h>r(.»au» lu-iii*' iri|Mi «.|i-il !•< |i,i\ 
particular attention to the appearance of the Planet, gave the same direction of lh(* axis al t liiuj'aiinn ;i;( ih.ii 
in which it appeared to me. I saw the ring again on the evening of Jan. 1-1. In lay Itnnh I n-m.aki 
‘ The ring is very apparent with a power of 216, in a field considerably illnmineil by laiaji lii'ht . liu In i>*hi 
ness seemed equal to that of the Planet itself.’ On that evening Mr. Morgan, at iny ri'tpa ,f, lainl)* a ilr.iwlar 
of the form, which on comparison coincided very closely with a drawing inadi* in'h'jM'iiih'aMy I'N iuvm'Ii' 
The ratio of the diiuneter of the ring to that of the Planet, as Tnoasnx’cd from tin* iliattiai"., i‘i .iImhii ih.H <-1 
3 to 2. The angle made by the axis of the ring with u parallel of doclinal ion, in tin* m-ihIi jiiirolia-* m 
north-following quarter, I estimated at G0“. By a measurcanent taken with the pofdtiiui nit-lt* mu l.'i, 
under very unfavourable ciroumstanoes, this angle was found to bo 05". I am nnahlr l<i tu'rnuul nitin-U 
for my not having noticed the ring at an earlier period of the ohsorvafcious.” 


All this is most truly wondorfiill In a region so awfully roinoli* la- nt-uily llirn* iluar-utul 
millions of miles from the grand central luminary, this cxtniordiimry plum* t o.-m n n-iM* hiil , 
part of the light and heat which wc enjoy. The fcehlo elToots t)f tin' mi n tlirn* vvmuM uliiui- 1 pniui 
out that WG have now reached the very utmost hounds of his inlluontM*: but :|u.uld flu’ir liil In- 
another exterior planet, which Neptune’s backings and fillings imiy yni imliruti*. it will |u<*ImIi 1\ 
bo nearly six thousand millions of miles distant, whero the Cimim'riun grnnim*r run miiIv .uiiMiint (<• 
To.Wo-tli cartli’s light. This interferes with that dogmatic litm*ss nf ibim^M wlilrh ..r.-i t \v;a 
pronmmeed by Sages, when Jupiter was shown to have four inotms to i-nm|M u .Mr lil- t'.u- u mia.il 
from tho fountain of light, and Salum, being then considered oiilsiilc nil, wa;. uU.mm-iI b.idi a ilup 
and satellites for tho same object. 

Such was the discovery, and such its conditions, as it mot the jmblii’ I'ui ; mul ut-M'i wu*' 
greater homage paid to cultivated thought than in the gratulations with wbirh (hul piil.ru -.ir. ir.l 
the event. But as if the whole phenomenon was to be a startling uHuir, iiutrad of da* di 


* The cose of a ring must probably remain undecided for a fuw ymirs, mnil thr {.bun M.-nipi. 
situation in the ecliptic, by rising in declination to a good-working altitude : but uh wm tr lumv 

that its existence is now doubted by Mr. Lassell himself, ’tis as well to aav 'I’l... .... . .t n . 

speedily couiirmed liy Otto Struve, m Russia, and G. P. Bond, m America. 

3 n 
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being viewed with unminglcd admimtion, a new incident shook the opinions of men, and awakened 
considerable personality in certain quarters. It must he acknowledged that, considering national bias 
and excitement, sometliing maybe pleaded in extenuation. In brief, it appears that, though die French 
geometer was so justly taking his triumphant lead, an English one had been some time steering the 
same course with wet canvas close on his wcatlier-beam ; and who, had the look-outs been at their ])osts, 
with the same charts on board, would assuredly have been far a-head. Indeed, though without any 
intention of taking the shine out of the chace, it might be seen, by all who had sailed for it, that there 
must inevitably be a close shave. This certauily took great numbers flat aback : the world at large 
were aware of the merit of Le Verrier, but, until the unexpected announcement of Messrs. Aiiy and 
Challis, they knew nothing of the fact with which some few— ourselves among the nmnber— were 
partially acquainted, viz., that a young Cambridge mathematician, hight J. C. Adams, as albresaid, 
had been already led, by his own spontaneous thought and independent researches, not only to con- 
clude that a planetary body more distant than Uranus actually existed, but also most skilfully to 
point out its habitat and features. Now as we conceive tliis point to be one of some historical and 
scientifle moment, and as it has aheady been the cause of much difference of opinion, accompanied 
with some ebullition of small feeling, we will submit the leading facts ol the case. We trust that a 
fair statement will put matters to rights,— for it were lamentable indeed that a new planet should 
prove an apple of discord, and distuih the harmony of transcendental astronomers: even the stiq)s 
recommended by justice can be but ill executed by petulance. 

Wc will, therefore, proceed to examine the evidence, botli formal and objective, begging the 
die courteous reader to recognise the hackneyed adage — audi alleram partem — the while. Some i>f 
the points advanced may bear on inconsistent aspect; but all who bring their best judgmmit ti> bear 
on the subject, will easily discern how to allow for lee-way and thereby correct die reckoning, so us 
to reduce it to the criteiion of Truth. 

Under this impression wc shall, at the most knotty turns of the case, hand in the special test 
of oflicial documents. Now it appears from die Report of the Astronomical Society for Novuinbei', 
1846, os well as diat made by Professor ChaHis to die Syndicate of Cambridge on the 12th oI‘ 
December following, that Mr. Adams had long formed die resolution of trying, by calculation, to 
account for the anomahes in the motion of Uranus: “ He showed me,” says Mr. ChaUis, “ a nu'ino- 
randum made in 1841, recording his intention of attempting to solve this problem as soon as ho had 
taken his degree of B.A. Accordingly, after graduating in January, 1843, with die honour of 
Senior Wrangler, ho returned to the encounter, and obtained an approximate solution by supposing 
the disturbing body to move in a circle at twice the distance of Uranus from the Sun. Tlio result 
so far satisfied the apparent anomalies in the motion of Uranus, as to induce him to enter upon an 
exact solution.” For this puqiose he required a set of reduced observations, and applied to obtain 
them from Greenwich,* through the intervention of Mr. Challis ; and diis was the first distinct inti- 
mation to the Astronomer-Royal: — 


* We should here state, that the fii-st clear exhibition of the theory of Uranus wiis certainly made by the 
routine operations at the Cambridge Observatory, and the beautiful reductions thei’e tabulated 'were eminently 
useful in all stages of Neptune’s discovery. 
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“ Cambridge Observatory, Feb. 13. 1841. 

A young friend of minej Mr. AdiitnS) of St. Jolm’s College, is working at the theory of Uranus, and is 
desirous of obtaining errors of the tabular geocentric longitudes of this planet, when near opposition, in the 
years 1818 — 1826, with the factors for reducing them to errors of heliocentric longitude. Ai’e your reduc- 
tions of the planetary observations so far advanced that you could furnish those data? and is the request one 
which you have any objection to comply with? If Mr. Adams may be favoured in this respect, he is further 
desirous of knowing, whether in the calculation of the tabular errors any alterations have been made in 
Bouvard’s Tables of Uranus besides that of Jupiter’s mass.” 

To this application, Mr. Airy immediately returned this reply: — 

“ Royal Obaervatory, Qroonwiob, 1844, Peb, 15. 

“ I send all the results of the observations of Uranus made with both instruments (that is, the helio- 
centric errors of Uranus in longitude and latitude from 1754 to 1830, for all those days on which there 
were observations, both of right ascension and of polar distance). No alteration is made in Bouvard’s Tables 
of Uranus, except increasing tlic two equations which depend on Jupiter by -jig- part. As constants have 
been added (in the printed Tables) to make the equations positive, and as part of the numbers in tbe 
Tables has been added, part of the constants has been subtracted from the linal results.” 

Dates now begin to bo of paramount interest in the story, since n very discreditable rumour oh- 
tamed among the Demotm of science, to whioh wo must presently allude, on account of its notoriety. 
The next letter which appears, shows that Mr. Adams derived advantage from the communication; 
it is from Mr. Challis to tlie Astronomer- Royal : — 


“ Cainbridgo Obaorvatory, Sopt. 22, 1846. 

My friend, Mr. Adams (who will probably deliver this note to you), has completed his calculations re- 
specting die pcrtui’bation of the orbit of Uranus by a supposed ulterior planet, and has arrived at results whioh 
he would be glad to communicate to you personally, if you could spare him a few moments of your valuable 
time, llis calculations are founded on the observations you wore so good as to furnish him with some time 
ago; and from his character as a nuithematioian, and his practice in calculation, [ should consider the deduc- 
tions from his premises to bo mode in a trustworthy manner. If he should not have the good fortime to see 
you at Greenwich, ho hopes to be allowed to write to you on this subject.’' 

To this Mr. Airy aiipcnds a remark: “ On the day on which this letter was dated, 1 was 
present at a meeting of the French Institute.” This incidental observation, slight as it is, had 
raised a bubble in the minds of some of the magnates of the periodical press, and several of their 
followers. A sturdy assailant took the field in the Mechanics’ Magazine, and, unprovided with 
either proof or probability, trumpeted the delinquency of the Astronomer-Royal to the world: how 
tliat he, Bojouiuing in PiLris, did then and there most imprudently, as well as naughtily, lot the cat 
out of the bag, supplied Le Verrior with Adams’s work, and informed the wondering Frenchmen 
all about the new planet. Yet tliis Seer cannot have had the shghtest basis for so barefaced an 
assertion; for from the incontrovertible internal evidence of the Report read to the Astronomical 
Society , and which we are quoting, die Astronomer- Royal must be acquitted of the silly but foul 

3 H 2 
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charge by every pure-minded inveatigator. On receiving a copy of Lc Vcrricrs Moinoii, on the 
23rd or 24t]i of June, of the following year, he thus returned his acknowledgments; 


“Royal ObBervatory, Groenwiob, !184G, Juno ‘2G. 

“ I have read, with very great interest, the account of your investigations on the probable place ot a 
planet disturbing the motions of Uranus, which is contained in the Compte H&iidu do VAcadeinie ol Juno 1 ; and 
I now beg leave to trouble you witli the following question. It appears, from all the later obficrvations of 
Uranus made at Greenwich (which are most completely reduced in the Greenwich ebservations of each year, 
so as to exhibit the effect of an error either in the tabular heliocentric longitude, or the tabular radius 
vector), that the tabular radius vector is considerably too small. And I wish to inquire of yon whether this 
would be a consequence of the disturbance produced by an exterior planet, now in the position you hav(! 
indicated? 

“ I imagine it would not be so; because the principal term of the inequality would probably bo analogous 
to the Moon’s variation, or would depend on sin. 2 (v — v ) ; and intliat case the pci’turbation in radius vocl.iii 
would have the sign — for the present relative position of the planet and Uranus. 13ut this analogy is 
worth little, until it is supported by proper symbolical computations.” 

Now here there is not the most distant allusion to Mr. Adams, which must have been the oust* 
had tlie writer committed himself at Paris, after the manner so deliheratoly alleged. 

Most of Adams’s friends wore staggered by tho boldness of his problem, as announced by so young 
a mathematician : and though he showed that his hypothetical body would satisfy all tluj aiioiuaruss 
in the most trustworthy observations of UmnuB, still, under whattlicy deemed a juBtiflul)lo sco]>ticisin, 
they lost tho moment for victory. Had there been hope and confidonco Lc Vorricr and Adams must 
have clianged places; hut while the former was brought out in full daylight, the latter was sliroiulcd 
in Bcorccy — or at least to what in eflcct almost amounted to scerccy. J hough tho basis was suiiiid, 
there was not sufficient faith; so that even this, the first instance of a solution of tho abstruse and 
difficult analytical investigation of the inverse problem of porturhations,* was not made pul)lio. It 
was unfortunate that it appeared to the Plumion Professor as “ so novel a thing to undertake olisoiwa- 
tions in reliance upon merely theoretical deductions, and that, whilo much labour was coitain, siic(*css 
appeared very doubtful,” that he neither engaged in tho pursuit liimsolf, nor afforded to otliem tho 
means of doing so. Under a similar misgiving, the Astronomer-Royal says, that when ho found Lo. 
Vender’s placo for a disturbing planet was the same, to one degree, os that given by Mr. Adams’s cud- 
culations, which he had perused seven months earlier, he began to look to it. “ To tliis time,” ho 
says, “ I had considered that there was still room for doubt of the accuracy of Mr. Adams’s inves- 
tigations; for I think that tlic results of algebraic and numerical computations, so long and so com- 
plicated as those of an inverse problem of perturhaLions, are liable to many risks of ciTor in the 


* The inverse problem of perturbations, is that in which the compulations may be iniido from apparently 
anomalous motions in the body under influence, and not from the known attractions of tho body influencing: in other 
words, from known disturbances of a planet in known positions, to find the place of tho disturbing body at a given 
time. Here, as the roaaon necessarily bears from the effect to the cause, and not from the cause to the efTeci, for 
that was unknown, the problem was one of extreme difficulty, and heretofore — as far as we know— untried. 
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details of tlie process. 1 know that there are important numerical errors in tlic Mdcanique Cdleste 
of La Place; in the TMorie de la L^ine of Plana; above all, in Bouvard’s first Tables of Jupiter 
and Saturn ; and, to express it in a word, I have always considered the correctness of a distant 
mathematical result to be a subject rather of moral than of mathematical evidence. But I now 
felt no doubt of the accuracy of both calculations, as applied to the perturbation in longitude. I 
was, however, still desirous, as before, of learning whether the perturbation in radius vector was 
fully explained.” 

The latter remark brings us upon anotlier point in tliis cmioua and eventful bit of history. 
When Mr. Adams made liis first statement, Mr. Airy most propei'ly requested to know, “ whether 
the assumed pertubation will explain the error of the radius vector of Uranus?” To tliis inquiry, 
from some unexplained cause, no immediate answer was returned: but on asking Lo Vorrier tlie 
some question, he received a ready and precise reply, — that the radius vector was rectified by itself 
without its having been taken into direct consideration; and ho added, Excuaez -meyi^ Monsieur, 
dHnsister sur ce point. C^est une suite du ddsir que fai d’ohtenir votre suffrage." We can readily 
allow for the cautious feoliag which made this question so strongly insisted upon, as a crucial 
instance of the actual strcngtli of the discovery, and it ought to have been answered in some way or 
other : but unfortunately no reply was given. But this should not have made an obstmetion, especially 
as Adams had chminated all the errors of longitude, which was his principal object; and it seems 
that he actually employed a method of calculation which required him to compute the co-efficients 
of tlie expression for error of radius vector, before computing tlie co-efficients of the ox])ro.asion for 
error of longitude. It is, tlicrcforo, to be regretted that this co-ordinate should liave impeded Ihti 
Cambridge correspondence by giving, however imintcntionally, the appearance of a slight to the 
referee. Nor is tliis the only vexation. Adams’s definite results ought to have been printed, at 
least, immediately on the appearance of Lo Verrier’s first announcement: and Mr. Airy has stated 
that, had he received an affirmative reply to liis question, he would at once have exerted all the 
iiilluence ho might poasos.s, to proem’e the publication of Mr. Adams’s theory — dii'cctly or indirectly 
— tlu’ough Professor Challis. 

The plot was now tliickoning. At a mooting of the Board of Visitors of the Koyal Observatoiy 
at Greenwich, at which we were present, the Astronomer-Royal alluded to the imjiending diseoveiy 
of a new planet, since there was a singular accordance between the investigations of Adams and Le 
Vendor, who, although starting on the same principle, hod arrived by independent trains of reasoning 
at tlie same result. From this remark — and here wo speak advisedly, though not in accordance 
with M. Arago’s argument — originated the eloquent expression of Sir Jolm Hcrschel to the British 
Aasociation, at Southampton, on the 10th of Soptombef. Having observed tliat the last year had 
given another new planet {Astrea) to our system, he added, — “ It has done more: it has given us 
the probable prospect of another. Wo see it as Columbus saw America from the shores of Sj^ain. 
Its movements have been felt, trembling along the far-reaching lino of our analysis, with a certainty 
hardly iifcrior to that of ocular demonstration.” And the same discussion led Professor Challis to 
cont(nnplato a search for the suspected distui’bor, — a search not before thought of, seeing that ho 
had already full work of his own to labour through. 

Tlie Astronomer-Royal transmitted to Cambridge suggestions for the examination of a region 
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of tlie heavens 30° long, in the direction of the ecliptic, and 10° broad, having the tlieoroticiil locuis 
of the planet at its centoe : and at the same time he made a liberal oITcr of iissistanco, even at his owi) 
cost, the which, to our surprise, was not accepted. A modification ol the siiggesttd plan was 
adopted, regular approaches were formed, and 3,150 positions of stars were recorded ; but It so 
happened that this was like sweeping a large Turkey carpet in quest of a missing diamond, which 
might have been detected by its inherent brilliance on the spot where it was dropped; and ibough 
thifl course was adopted to prevent ultimate di^ppointment, yet, as we presume, a caiclul sijul.liiy^ 
with ihe large and powerful telescope employed, must have produced die planet in the early ])iirt ot 
August. The opportunity of first announcing its optical discovery was lost. Mr. Adams bad found 
the mass to be about three times that of Uranus, and had thence inferred that Ihe brightness would 
not be below that of a star of the 9th magnitude; but his consequent request that tlic planet might 
be sought for by its physical aspect was neglected. This is matter of regi’et, since, li’om the. sur- 
passing interest of the question, it ought to have been fished for nine months before, namely, In 
October, 1845, when both the prediction and the detection would infallibly, and wltliout eomp<;ti- 
tion, have fallen to Cambridge; and England would have enjoyed an iucontostidilo right to a sort 
of astronomical feat which, great as she is, she is most in want of. Tbo following are the elements 
on wbioh the scrutiny was eventually conducted : — 



Hypothesis I. 

Hypotiiosis II. 


o 

II 

(jt =0.51.,) 

Mean Longitude of Planet, 1st Oct,, 

1846 325° 8' 

323° 2' 

Longitude of Perihelion . . 

.. 815 57 

299 11 

Eccentricity 

. . 0-1C108 

0-120G2 

Maas (that of Sun being 1) 

.. 0-0001G5G8 

0-00015003 


Such being the conditions of the case, we must proceed to consider them, and we trust at least 
to bring impartiality to bear. According to the Astronomcr-hoyal’s inuontcBtable evideiie.e, no 
doubt can be entertained of Adams’s being de facto the first to predict tlio existence and loe.ns of a 
new planet. Such a body was b. priori probable; and the skilful geometer showed, by giving all 
the possible elements {node and inclination out of the question) and the place at a given tiini', — 
that such a body would satisfactorily account for the errors observed in tbe motions el* Uranus. 
Why he did not explain Mr. Airy’s query about the radius vector is not ui evidence; but the errors 
of that condition are readily deducible from both the above-cited hypotheses. It is also now (piiUi 
clear that the Cambridge astronomer had actually got sights of the planet on the 4tli and the 12fcb 
of August, seven weeks before Dr. Galle’s discovery of it; but ho assuredly was not aware of it; for 
he says — “ After four days of observing, the planet was in my grasp, if I had only easamined or 
mapped the observations,'' — “ my observationB would have shown mo the planet in the early part of 
August, if I had only discussed them." “ I lost the opportunity of announcing the discovery, by 
deferring the discussion of the observations, being much occupied witli the reductions of cornet 
observations, and little suspecting that the indications of theory were accuirate enough to give a chance 
of discovery in so short a time." That the observer was not really aware of the planet’s having been 
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caught, and that he did not even expect it was, is evident from the following letter, written by him 
to the Astronomer-Eoyal : — 


“ Oorabrldgo ObBorvatory, Sept. 2, 1840. 

“ I have lost no opportunity of searching for the planetj and, the nights having been generally pretty 
good, I have taken a considerable number of observations j but I get over the ground very slowly, thinking 
it right to include all stars to 10-11 magnitude; and I hnd that, to scrutinise thoroughly in this way the 
proposed portion of the heavens, will require many more observations than I can take this year.” 

And he further declares, that, on receiving tidings of the planet’s discovery at Berlin, he was so much 
impressed with the sagacity and clearness of M. Le Verricr’s limitations of the field of observation, 
that ho instantly changed his plan of observing, and noted tlio planet, as an object having a visible 
disc, on the evening of the same day I Indeed the Professor’s own statements open tlic door of contro- 
versy, both as to the actual discovery and the precedence of publication: “A comparison,” ho says, 
“ of the observations of July 30 and August 12, would, according to the principles of search which 
I employed, have shown me the ylanet. I did not mate the comparison of it tiU after the deitection of 
it at Berlin, partly because I had an impression that a much more extensive search was required to 
give any prohahility of discovery, and partly from the press of other occupations.” And tliough lie 
noted the planet on tlie 29th of September, he merely directed his assistant to write against that 
star, it “ seems to have a disef — so that uncertainty reigned till tlic Berlin news arrived on the 1st 
of October, when “ all was light.” The Cambridge measure was both regular and sure, but was 
deficient in faith and alacrity: nor can we ponder on the grand event without a strong sensation 
of I’ogrct tliat the illustrious rivals were not practical astronomers as well as gi’cat mathematicians, 
HO tliat, instead of boating the bush for aid, they could have observed for tliemselvcs. 

As M. Lc VGrric]‘’s Memoirs wero under publication, it became necessary to print also Mr. 
Adams’s calculations and forinuhe; but, since an unavoidable deky must occur in die medium 
which ho resorted to. Lieutenant Stratford, the able Superintendent of the Nautical Almanac, come 
to his relief by a timely offer of printing the document as a Supplement for the Epliomeris of 1861, 
but with a view of circulating a number of copies of it forthwith. This will be best told in tlie 
Lieutenant’s official notice prefixed to tlic paper : 

“ This paper was communicated by the Author to the Eoyal Astronomical Society, and was read to 
that body at tlieir ordinary meeting on November 18, 1846. Thu press of the Society being engaged on an 
extensive paper on the longitude of Yalentia by the Astronoinei’-Eoyol, and it being deemed of national im- 
portance that Mr. Adams’s paper should be submitted to the world without loss of time, applicatiou was 
made to Capt. W. II. Smyth, E.N., President, and to the Eev. E. Sheepshanks, Secretary of the Society, 
who, with tlieir usual promptitude and zeal, granted permission for the immediate printing and publishing 
of the paper by the Nautical Almanac Office; audit is under these circumslances that the investigations 
of Mr. Adorns first appear os an extract from the Appendix to the Nautical Almanac for 1851. 

“ W. S. Sthatford, Superintendent of the Nautical Almanac. 

“ Nautical Almanac Office, 3, Vonilam Buiiliuga, Gray’s Inn, London, 

“ Dooeinbur 31 hI, 1,816." 
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The puhlication of his method showed that Mr. Adams had not amved at liis ccmclusions )y 
rough estimation, or graphical leaps; an.d that while his advance was caukoiis, Ins steps w<|u> 
masterly and refined. But though he was thus raised in the public opinion, iL did not shake 1 a- 
Verrier’s claim a whit. The completeness of that thorough geometer’s work, added L) ordei y 
decision with which he conjured Astronomers to mark down the quarry, excite oiir wannest at im 
ration. No petty jealousies ought to defile this feeling. By all the rules of fair adjudication, I ui 
noble prize is his; nor has anybody tendered it in more appropriate and truly liberal tenns i lan us 
exceUent competitor. “ I mention these dates,” says Mr. Adams, “ merely to sliow that iny results 
were arrived at independently, and previously to the publication of those of M. Lc Verritr, nut 
not with the intention of interfering with his just claim to the honour of tlio discovery; lor tbeni is^ 
no doubt that his researches were first published to the world, and led to the actual discovery ol 
the planet by Dr. GaUe; so that die facts stated above cannot detract in die slightest degree Irom 
the credit due to M. Le Verrier.” This is somewhat of a contrast to the virulent conduct ol i-e,rtaiu 
French journalists, and the frothy excitement of others on record, who cannot plead the ])rove,rbial 
hastiness of youth in extenuation. Even the liberal Mens. Arago, albeit delighted at our system 
being enriched with a new constituent, would not only have ignored and swamiicd the (aiinl)ridge, 
efforts, but most precipitately and harshly enounced— that Mr. Adams is not entitled to the dHjhU'et 
allusion in the history of the discovery I ” {Comptes Bendus, 19 Oei., 1846.)* But M. I’.iot, <.n 
the contrary, giving full credit to our countryman, thus speaks: — “Jo no poi’lo ])a8 ici diipres 
ce sentiment d’^goisme g^ographique, appeld si improprement du patriotisme. Bes es]>rits viau\s a 
la culture des sciences ont, £l mes yeux, une commune patrie intcllcctucllo, qui e.inbrasso tons les 
degr4s d'414vation du p61e,” This is the language of true philosophy: it is ccrtiihily no disparage- 
ment of Adams’s nlnims to distinction, to say that the glory of this discovery belongs to I ai Verrii'r; 
nor does a full acknowledgment of the merits of the one detract from those of the other. 

Still the sound and brilliant claim of Mr. Adams has been rather tumished tliiiu otherwise by the 
weU-intentioned but injudicious clamour of over-zealous friends, some of whom would fain throw Le 
Verrier overboard. Of this a remarkable instance occurred at the Tcrcciiteniuy dinner of 'Friiii ly I ’ol- 
lege, on 22nd December, 1846. On this occasion the Chairman declared, in Arago-uian assumiilion, 
to the assembled guests — “ If they needed anything to remind them of that (the neceadlyof ColltUfi'H 
maintaining a oommunity of interest'), they would find it in die reflection that the great discovery 
in Astronomy by which this age would be known, was due to one of their friends on the other side 
of the wall. ” f {Loud cheers.) This, like the food and the wiue, was willingly swallowed; hut we 
are compelled, by the facts before us, to consider it as a decided over-statement, or rather a nmt- 
prandium ebullition. Still, springing as it did from tlie University banquet, the news (piiekly flew 
throughout the land on the wings of the press; yet, had not Le Verricr’s announcement of the ])laiU!L’a 

* Arago acknowledges tliat Adams investigated the problem with ability, and Holved it, but diiiiioH that his 
labours contributed to the discovery : “Mais, je me b&to de le dire, Mr. Adams nepublia ricii, et son travail, tres- 
bien fait d’aiUeurs, ne servait en aucune fa 9 on h faire d4couvrir Tastre inconnii," Nay more, in his recent list of 
astronomical events, published after he had had suflScient time to cool and rellcct, he names Lu Verrier and (lalle, 
but omits all mention of our countryman. 

t To those who are unacquainted with the topography of Cambridge, it maybe told that a high wall divide 
the Colleges of Trinity and St. John’s. * 
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Ikuus uppetu’ud, it ia not improbable that no largo telescope would have been directed to the heavens 
in aeau'h ol it. To be sure Mr. Adams might have still worked at his theory — he might have insisted 
on its publication in its then state — he inight have published it liimself — or he might have com- 
municated Ilia elements to the Aslronomioal Society, &c., &c. ; but this is quite irrelevant 4 for none 
of these things were done, and no telescope was expressly turned to the sky tiU the publication of Le 
Verrier s results it to be done. \^c cannot therefore understand — whatever claim may exist 

on other scores — liow the discovery of the planet was “due’’ to Mr. Adams’s researches. Assuredly 
the contrary is the case. Clallc looked for it and found it by Le Verrier’s instructions solely. No 
one can show that he looked lor it purely and simply by Adams’s, nor was it begun to be fished 
I'or lierc before we hud a knowledge of Le Vcrricr’s conclusions. Q. E. D. 

A very secondary kind friend took up the cudgels, and, in a ‘presto’ book about Neptune, bela- 
boured the Eoyal Society with an explosive discharge of turgid bombast. Forgetting what Shakspeare 
(Ic'cri'cd, namely, that “ an two men ride a horse, one must ride behind,” he thus levels the brutum 
fuhnen: — “ The most venerable Society through its history in Europe — which, in its place as the 
uBsuined and sustained head and fosterer of British endeavour, could — in that hour, too, of difficulty, 
it Jiiight even be of despoiideucy, because of misfortune and menaced injustice — overlook Mr. 
Adams’s evca’-nusmorable elforts, and, without one word of apology or explanation — without inquiry 
even — nish past to his rival and lay its honours at his feet ! I understand the vindictiveness of 
Arago — I cun understand on his part a vehemence prepared even to emsh — ^woilhily or otherwise 
--all bo truth and opjrosition; for la Grande N^ation has never been in high repute for tenderness 
towards men who vvcntld share its glory, or of toleration for foreign claims. But that the body in 
England whose duty — il'not its foremost one, certainly with lower sanctions than none — has been 
undc'i'stood by the State to be protective ol' the rights of its meritorious countrymen — that this body, 
('.onqiosed of the elite of Bntish men of science, and of British noblemen and gentlemen, should 
have bowed itself before Gallic pretension, and purchased some hollow compliments about liberality 
and fr(i(!(loin from ])r(‘.judico, by the sacrifice of the then obscure graduate of Cambridge; yes, this 
almost inclines one to hope that the name of Adams may never illustrate its roll ! ” 

This trash would be libellous, but that — I’rom its utter want of truth — it never could at all injure 
the Royal Society. We can here speak point-blank, having been upon the Council in 1846, and also 
chalnuati of tho committee which recommended Le Verrier to the Council’s notice, for his investi- 
gations relative to the disturbances of Uranus, by wliich he proved tlie existence and predicted the 
place of the constructive planet —a prediction, confirmed as it was, to be considered among the 
ju’oucleHt triumphs of modern analysis us applied to the Newtonian theory of gravitation. There 
was one me, dal to award, and tho opinion of the true Britons in conclave was, that they assigned it 
to a meritorious and amazing stretch of science and intellect: and moreover the step was taken 
bidiire a single publication by Mr. Adams, or any of his friends on his behalf, had been made. But 
on thc',2Hthof October, 1847, the Astronomical Committee of the Royal Society, at a sitting which 
we uLo attended, rocommeiuled to the Council to award the Copley medal to that gentleman for his 
in(|uiri<!S relative to the anomalies of Uranus, and for his being die first who applied the theory of 
jMM’turbations inverse*, ly, to discover, from the disturbances of the perturbed body, the place and ele- 
men Ls of motion of the perturbing body. But as Sir J ohn Herschel had been nominated for that year s 
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medal, in recognition of liis splendid gratuitous labours in South Africa, Mr. Adams received the 
one for 1848, and in June 1849 he was unanimously elected a Fellow of the Royal Society. So 
much for the Glasgow Professor of Astronomy I 

Under such unquestionable facts, the debate of absolute priority is one of grave import, and 
must ultimately depend upon what may be deemed tlie publication of the problem in ipiestion. A 
large and rather influential party adliero to a somewhat lop-sided decision of the deplorable contest 
between Leibnitz and Newton, and cite all sorts of unilateral incidents, which may be deemed rather 
exceptions than rules: but in the present “ enlightened” day, one would no more think of reverting 
to logogriphes than of sending a parcel by packliorse to Bristol. The custom of Galileo and Co. 
would be about as antiquated as now keel-hauling a sailor for rapping out an oatli would be. We 
give Mr. Adams the full benefit of that axiom in law, which decides that such evidence as a jury 
may have by their private knowledge of facts, has as much right to sway their judgment as the 
written or parole evidence wliich is delivered in court: but we also recollect that in law, ever 
since the dispute between Euphorbus and Menelaus, it is contested whedicr he that first wounds a 
beast tliat is classed among the fercB naiurcD^ or he that kills it, was to bear off the spoil and quarry. 
In the case before us, it seems that Adams shot at the stranger, but Le Vemer brought him down. 
It were better, therefore, that they remain Arcades-ambo through successive ages than attempt a 
division of interests : joined, as Herschel says, by Genius and Destiny, they must pass to posterity 
as the Siamese twins of Science. Lord Mansfield, however, if we may judge by his important 
decision in Dollond’s celebrated achromatic-telescope trial, would have declared for the Frenchman : 
when it was pleaded as an objection to Dollond’s patent, that Dr. HoU had made the same discovery 
many yearn before, his Lordship hold that, ns the public were not acquainted with the fact, Mr. 
Dollond must bo regarded as the true inventor : he was not only a discoverer of it as well as Dr. Hall, 
but, being the JiraL imhlisher^ was fully entitled to all the benefit. So Waring also states — “ That per- 
son is the inventor who publishes his discovery;” but if, from diffidence, design, or careless- 
ness, he does not commimicatc it, then such Idcheti establishes a second-comer in equal rights. 

These considerations involve a sort of necessity to offer a few words on the recent conduct of the 
Royal Astronomical Society also, in regard to the non-award of their medal in the present unprece- 
dented instance, an instance such as can seldom occur, and probably never will recur again. It is well- 
Icnown that it is in the power of the Council of this meritorious Society to confer one gohl medal 
annually upon the most important astronomical discovery of the year. But to prevent the award of 
medals to unimportant communications, a bye-law — and perhaps a wise precaution — requires that 
there shall be a majority of votes of tlirce to one in order to give the prize. On this occasion there 
was a serious difficulty: two opinions prevailed —first, that a medal should be voted to M. Le 
Verrier alone; secondly, that, unless a medal were dso given to Mr. Adams, a great injustice 
would be done. But the whole imbroglio will best appear, on citing the official minutes of their 
Anniversary Meeting ; and thus they run — 

“ Fiudat, Februakt 12, 1847. 

“ Capt. W. H. Smyth, R.N., President, in the Chair. 

‘‘ Were it intended to describe the results of the century instead of the current year, the subject to which 
your Council now come would lose none of its prominent interest. The prediction of a new planet, on 
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grounds derived from calculation only — tlie fulfilment of tliat prediction — the attainment of tlic solution of 
the inverse problem of peilurbation — mark the years 1845 and 184G with an importance which belongs to 
no period except that of the announcement of the theory of gravitation mid of the publication of the 
Principia, 

^ i- X- 

“ The facts connected wth tliis singularly splendid triumph of mind over matter have been much dis- 
cussed, and are now fully published. The statement made to this Society by the Astronomer-Royal in 
November, the Memoirs of M. Le Venier, the Memoir of Mr. Adams, and the statements made by Mr. 
Challis, and in various numbers of the Comptes Jiendus, have put our Fellows in such possession of the ab- 
solute circumstances of the case as renders any detailed account of them unnecessary in this Report. It for- 
tunately happens that thei’e is no one disputed fact ; but upon the construction of tho facts, and upon the 
meaning of words, there are diflerenccs of opinion, at least as wide as those which have always existed upon 
the great question of the claims of Newton and Leibnitz to the invention of Fluxions. 

“ In one thing there is general agreement, namely, in giving both to Mens, Le Verricr and Mr. Adams 
the highest order of praise and admiration. As soon as they ai-e compared, iiU manner of opinions are found 
to prevail as to their relative positions; but on the absolute character of tho rank taken by the labours of 
both in tlio history of astronomical discovery there can bo but one ieeling. 

“ Under these circumstances, it will be matter of regret, but hardly, all tilings considered, one of asto- 
nishment, that your Coimcil has not been able to give any verdict upon the disputed mattoi’S of opinion, nor 
to afford, to any conclusion , tho sanction which would be considered ns implied in the award of a medal to 
M. Le Verricr, to Mr. Adams, or to both. Such a tribute is not needed by either; and your Council dis- 
tinctly request it may bo understood, that, in making a statement of the ciroiunstanccs under which they 
have failed to arrive at a decision, they are simply accounting to their constituents for tlioir own euuduot, 
and not intending to draw any conclusion upon tho controverted opinions. Perliaps there is not one among 
them who does not, more or less, censure the collective body to which he belongs for not adopting a positive 
course; while, perhaps, there are very few indeed who could agree upon any one mode of proceeding. And 
it is by no means improbable, that the same general wish that something had been done, and tho same 
disagreement as to what it should be, which has prevailed in the Council, would also prevail in the Wooicty. 

“ By our bye-laws, only one medal can be given in any one year; but it is in the power of a General 
Meeting, at the proposal of the Council, to suspend or abrogate any bye-law. Again, by the same laws, all 
propositions for tlie award of medals must be made and seconded in November, and tiiken into considera- 
tion in January. That no possible view of the case might be precluded from discussion, the iiidividual 
members of tho Council, with whom every such proposition must originate, look care that the list of those 
nominated for the medal in November last should contain all the names which could by possibility come 
into question. 

“ Tho first point of discussion was, whether it would be expedient to recommend tho General Meeting to 
suspend the existing bye-law, and to give the power of awarding more than one medal. Tliis, it is very 
obvious, has in itself a question of expediency, totally indepondout of the particidar circumstances under 
which the permission is sought: and a motion was made to tlie effect that such a course was not expedient. 
This motion was carried; and, as it may be presumed that the groimds on which it was brought forward luv 
those on which it was conied, the Council think it right to stale those grounds. 

“ In carefully guarding the decisions of the medal, by placing such aw'urds wholly in tlio hands of the 
Council, and declaring that no medal shall be given by tlie Society at large, the latter body has made a 
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standing confession of the obvious truth that a largo assembly of men, interested in astronomy in very dhler- 
ent ways, does not form so proper a court for tlic decision of delicate questions of personal merit as a smaller 
body, chosen by themselves, out of all whose occupations -will allow of their attendance, as a specified number 
of those who are best qualified to conduct the afSiirs of the Society. If we consider how many proj)ositions 
it is open to any Fellow of the Society to make, and how few are made except tlirough the Council, it would 
appear that the general feeling is, that the letter of the law respecting medals is only the expression of the 
spirit in which the Society desires that its business should be conducted. 

“ It waa contended that this spirit of our laws would be violated, to the introduction of every disadvan- 
tage which those laws were intended to avoid, if a more than usually diflficidt question were submitted to the 
Society, of tlie very kind which the Society hiid peculiarly delegated to the Council, even in the ordinary and 
easier cases. Taking it for grunted tliat the law was adopted for wise reasons, it was urged that it would be 
highly improper to force upon the general body the public discussion of the nicest question of relutivi* 
merit which has arisen for more tliau a century; and it might reasonably be e.xpccted that the exti’emes ol' 
opinion found to exist in the Council might bo taken as a low estimate of those' to be looked for in a larger 
body. The motion founded upon tliis view of the case was carried. 

" It being then decided that no recommendation to depart from thi'usuiil course should emanate from the 
Council, the question to whom the one medal should be awai’ded necessarily followed. The claim Jii'st con- 
sidered was that of M. Le Vorrier, whose name stood first on the list. This medal being, under tlu' oirctiin- 
slances, an expression of opinion upon a matter likely to be long under ihscussion, or at leiist certain lo lie* 
so interpreted both at home and abroad, it seems to have been thought by several that an award Lo M. Lc 
Vorrier, unaccompauied by another to Mr. Adams, would ho drawing a greater distinction between tlie tw'o 
than fairly represents the proper inference from facts, and would be an injustice lo the latter. Accordingly, 
on a ballot being takon, it appeared that the majonty in favoiu’ of the projiosition was not sufiicient lo carry 
it, the bye-laivs requiring that no medal shoultl be awarded upon any majority of less than three to om>. 
No Rivard could therefore ho made; and the Council can only conclude upon this matter, that the dillerenec's 
of opinion prevailing among the members rendej it impossible ibr them, as a body, to offer any statement 
upon the controverted points of the question. 

“ Perhaps it would not be improper to add, that, in a quoation in which a French aird Euglish ehiim are 
mixed, in a manner which requires a perfect absence of national feeling lightly to settle, it is not to be 
regretted that this Society should thus have been compelled, by tlio action of itfe own laws, to refer the 
decision to the astronomers who axo of neither of the nations thus placed iu opposition.” 

“ 'rhe Eoport having been read, it was proposed by Mr. E. Taylor, — Seconded by Captaiii Sir John 
Eoss: ‘ That the Eeport of the Council now read be received and adopted; and that it bo printed and ch’cn- 
lated in the usual manner.’ 

“Proposed in amendment by Mr. Babbage, — Seconded by Dr. Fittou: ‘That tins Meeting exjjress 
their deep regret that the Council have not awai’ded the Society’s medal to M. Le Vorrier, for his publication 
of the greatest astronomical discovery of modem times.’ 

“ This amendmeut wjis negatived. 

“ A second amendment was Proposed by Lieut. Kapcr,E.N., — Seconded by Capt. Bethunc, li.N.: ‘ That 
it is the opinion of the Meeting, that the unprecedented discovery of a new planet by tlieorctieal researches, 
and the acknowledged title of M. Le Vorrier to the honour of that discovery, demand for him some special 
mark of the approbation of this Society; that it be recommended to the new Council to convene a Special 
General Meeting of the Society, on as early a day as may be convenient, for the purpose of suspending 
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AvLlclea 2, S, and 4, of Section 16 of the bye-lnwa; and that the printing of the Eeport be deferred till tlie 
sulyoct shall have been brought under the consideration of such Special General Meeting.’ 

“ This amendment was also negatived. 

“A third amendment was proposed by the Rev, R. Sheepshanks, — Seconded by Mr. Drach: ‘That 
a Special General Meeting be called to consider the propriety of granting a medal to M. Le Verrier, 
for his researches respecting the planet exterior to Uranus ; and also a medal to Mr. Adams for his researches 
on the same subject.’ 

“ Tlois amendment was also negatived. 

“ A fourth amendment was proposed by the Astronomer-Royal, — Seconded by Dr. Lee : ‘ That a 
Special General Meeting be called after the ordinary Meeting on March 12, to consider the following 
resolutions : — 

‘‘ ‘ That so much of the bye-law as relates to the number of medals which may be adjudged in any one 
year, the time of giving notice of the proposal for a medal, the time of adjudging the medal, and the time of 
presenting the medal, be suspended pro Me vice ; 

“ ‘ That the Council be autliorised to award two (or more) medals, if they shall deem it expedient to 
do so; 

“ ‘ That the award of the Council be communicated to the Society, nnd that tlie medal or medals be 
l)resouLcd at the ordinary Meeting of April 9th.’ 

“ 'Phis amendment was carried. 

“Proposed by Mr. De Morgan, — Seconded by the Rev. R. Sheepshanks; ‘That this Meeting be 
adjourned to Saturday, Feb. ISth, at 2 o’clock.’ ” 

Saturdat, Februahy 13, 1847. 

“ 'Pho Society met at 2 o’clock, according to adjournment, Captain W. H. Smyth, R.N., President, in 
the Ch.'iir. 

“ Proposed by Ml*. Do Morgan, — Seconded by Sir J. Ross: ‘That the Report of the Council read 
yesleid.ay be received and tulopted, and that it be printed and circulated in the usual manner, with an 
account of tlie proceedings of tlie Meeting annexed.’ 

“ Proposed in amendment by Mr. Babbage: ‘ That this Meeting do adjourn to a day to be named at the 
next General Meeting.’ 

“ This amendment was not seconded. The original Motion was Lheii put .and carried. 

“ Proposed by Lieut. Raper, — Seconded by G. B. Airy, Esq.: ‘ That the thanks of the Meeting be 
given to the President for his conduct and temper in the Chair, during the continuance of this Meeting.’ 

“ Carried unanimously.” 

The whole ol* these proceedings were conducted with sense and good feeling, although the 
combatants wore at times rather warmly engaged; the chief interlocutors being severally under the 
full conviction of a righteous cause, in sifting the most striking application of the theory of gravitation 
madc 5 since it left- the hands of Sir Isaac Newton. During the contest, all comparison between the re- 
spective merits of Adams and Lc Vender was so discouraged, that the few remarks of the kind which 
were uttered, fell dead. The bone of contention was, therefore, as to whether the bye-laws should he 
tamjicred with, or any interference be made in the CouncU’s decision; that body having, as judges? 
acted to the best of tlieir abilities, wliich is the only obligation they arc morally placed under. 
When the Special General Meeting assembled to bring Mr. Airy’s propositions tmder discussion, on 
March 12th, an amendment was proposed by Mr. Dc Morgan: “ That, on taking all the circuin- 
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stances into consideration, and particularly the existing difiercnccs of opinion on the subject , it is 
not expedient to propose to the Council to reconsider the subject of the medal.” Tliis amendment 
■was carried ; and the Meeting broke up with the highest respect for the rival candidates. All hands 
were fully persuaded that the orbit of a planet exterior to Uranus had been defined, and its locus 
predicted, by Adams, ■with sufficient correctness for picking it up, in November, 1845, had it been 
duly fished after; but that Le Verrier, on quite independent grormds, stepped in and triumphantly 
bore it off in September 1846. This is altogether a far more praiseworthy and gratifying specimen 
of competition between France and England, than some which might be cited. 

We were about to close our lucubration, when we suddenly recollected that the style and title 
to be assigned to the new planet, have excited almost as much fermen'tation as its discovery had 
evulgatcd. Shakspeaxe, it is true, somewhat temerariously demands — “What’s in a name?” but 
astronomers think, with Pythagoras, that “ it requires much wisdom to give right names to tilings.” 
Hence tlic mighty turmoil which still disturbs the atmosphere of science. While soiiuj wish 
the discoverer’s name to be attached to any newly-detected celestial body, a still larger elaaa .arc 
clamorous for retreating upon classical mythology, as neutral ground in unison with the existing 
order. Ophion, Gallia, Atlas, Chronos, Graven, and Occonus, were sevcnally proposed and rejected. 
Janus — proposed by Dr. Gallc — was ratlicr favourably received, on account, it is insimiated, of one 
face of the hifrom Deiis representing the mathematical, and the other the physical discoverer: but 
this was opposed as being too indiscriminate. A friend of elegant mind thought Minerva would bo 
appropriate, despite of a little Pallas being already in the way: and Il 3 rpcrion, tlio offspring ol‘ 
Uranus and Terra, presented liimsclf, not as the Sun or tlie Sun’s father, but in capacity of 'TwepW, 
the Transcender, or, more literally, above tw going. An Oriental scholar suggests a higher flight into 
antiquity, and there picking up Sanchoniatho’s Elioun, the Hypsistus of Philo-BybHus, becuusc- lie 
was the reputed parent of Uranus: but, in quoting tlicsc gentlemen, we trust we are not poaching 
on Ephraim Jenkmson’s ground, or otherwise distm-bing tire shade of Goldsmith. Lc Verrier him- 
self sanctioned Neptune, the designation conferred by the Bureau des Longitudes at Pans; and the 
sea-deity instantly gained the largest number of votes, especially as the type was a triflcnt inuclc 
from a monogram of the initials of the French geometer. So the symbol of Uranus irlcntilies 
Herschel; and by such arrangement the discoverer of a planet will ever be held in honour and 
remembrance, whatever may bo the appellation of the discovciy. 

But, though most of the e merito astronomers signified tlieir adhesion to Neptune, he was not 
allowed to walk the course. A terse Northern Professor, overlooking the marine deity’s alliance 
■with us in ruling the waves, thus perorates: — “ The god is degraded, in the eyes of a Briton at 
least, by ■the disturbing iufiucnce of low and ’"vulgar associations. For who can hear of Neptune as 
the name of the new planet, without being reminded either of tlic wooden sea-god that he has 
seen, trident in hand, in the poop of many a vessel, or of his li^ving representative in the person of a 
sailor at the ceremony of Crossing the Line, or in some pantomime at Sadler’s Wells; or, it maybe, 
of some Newfoundland dog who rejoices in the name of Neptune ?” And is this the amount of what a 
British Professor knows of Neptune 1 The unkindest cut of all, however, was given by our gifted 
friend M. Arago, who publicly pledged himself (jeprenda V engagement), whatever might happen, not 
to call the stranger by any name except that of Le Verrier: a decision at which Le Verrier, who 
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wiia present at tlic sitting of the Academy, says lie waa somewhat startled {j'ai iU un pm confus). 
The United Service to a man will, we expect, stick to Neptune and the Trident. 

Tims endeth our story of the now Planet. To be sure Mrs. Borron, of Croydon, has publicly 
stepped fortli and insisted that Neptune is not the body sought for by Le Verrier’s investigation, 
but a planet wliich happened accidentally to be in the field of die telescope when Dr. Galle mode his 
scrutiny. Since this assertion was publicly made, our brethren on the other side of the Atlantic — 
aye, and even some of Le VerriePs own learned compatriots — arrive at the same conclusion, and 
have supported Mrs. Borron’s paradox by + y — z. There are certainly perturbations still to 
account for; and the mean distance of Neptune proving to be much less than the limits assumed, 
may indicate a change in tlicir very character — but surely the assault is premature. The emdite 
Professor Peirce communicated to the American Academy of Sciences, 16th March, 1846, the com- 
putations of Mr. Scai-s 0. Walker, who had detected a missing star in the Histoire Cikste Frangaise, 
observed by Lalaudc, on the 10th of May, 1795, near the path of the planet Neptune, at that date, 
which may have been possibly the planet in question. Mr. George P. Bond, of the Cambridge 
U.S. Observatory, joined in the scrutiny of all the data; and the conclusion which these scientific 
gentlemen have seriously arrived at is, that the planet Neptune is not the planet to which geometHcal 
analysis had directed the telescope. OHE 1 

Let the whole of the lepa <f)aXary^ of cosmopolite Geometers look well to this delusion, and 
unv(dl the happy accident to which tlic discovery of Galle is owing; let them kindly remember what 
ail amount of probable error was attached to the conclusions, and find out whether the new planet 
is c.apable of c-uusing the perturbations in the motions of Uranus complained of; let them tell 
how queerly Lalondo' allowed Neptune to slip through his fingers, after catching him on the 8th 
and loth of May, more than 60 years ago; and finally let them Mly revise the now-faulty elements 
of the complicated motions before them. There wiU be time for all this before a.d. 1850; so- 
that the approaching dcccnnlum may pass in imity, peace, and concord. 


NO. 11. 


REPORT ON BARLOW’S FLUID OBJECT-GLASS. 

(^Referred to on page 158.) 

[From the Proceedings of the Royal Society for 1883-4.] 

December 12, 1833. 

FRANCIS BAILY, Esq., Vice-President, in the Chair. 

T’hc Reports received by the Secretaries, from Sir John Herschel, Professor Airy, and 
Captain Smyth, on the Fluid-lens Telescope constructed for the Royal Society on Mr. Barlows 
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priuciples, wore, by dii’cction of His Royal Higbness tbc President and Council, read to tbe youiuiy 
at tills Meeting. 


Sir John H&rscheVa Report. 

I have seen Mr. Barlow’s telescope at Cambridge, and examined it on several objects, in a very 
fine night, the 25th (if I remember) of June. As I have now no time to give it any further trial 
at Slough, (where I have no longer, citlier, any achromatic telescope of sufficient power to eonijmi’c 
it with, all my apparatus being dismounted and in course of packing,) I will here state in few words, 
as my report on it, all I could then collect relative to its action. 

1. A chromOitLcity , Mr. Barlows telescope is remarkably free from the dispersion of colour; 
very much more so than 1 could have expected from the natiu’c of the correcting medium, and 
nearly or quite as much as cotdd be desired. 

2. Light. — The great aperture is very efficient under moderate powei-s on liiint objects, and it 
concentrates the smaller stars well, and would, T have no doubt, show the larger nebuhe, Ac., and 
be well available as a sweeping telescope. 

3. Distinctness.— Yiiij good with powers under 100 or 150; but, on the oceasion on whiidi J 
tried it, it seemed to break down under high powers, and there was evidently a consideraldo want ol' 
correction of spherical aberration. As 1 liad no opportunity of trying it in dillerent tenijuiraturits, 
1 cannot say whether tliis want of correction might not disappear in a dificrent tem])(jrature — it 
was about 65” when I looked through it, — ^neither could I ascertain whether tills arosci from the 
glasses not being at the right distances, there being no means, or the means not havhig bcien ex- 
plained to me, by which the correcting lens could bo got at, to shift it. 

4. A very troublesome degree of colour out of the coutro of the field. 

Iliis report is of course too meagre and imperfect to conclude much from, but, as lioth Ca])L. 
Smyth and Prof. Airy have examined it in much detail, I the less regret tliat my present circum- 
stances will not allow of my going further into the subject. 

J. F. W. IIekscuiel. 

July 23, 1833. 


Professor Airy's Report. 

From the pressure of business, I have had fewer opportunities of trying the telescope than I 
could have desired. The absence of bright planets also has prevented me from attending so much 
as I wished to what I regard as the most important point in this construction, namely, tlic correc- 
tion of colour. I have, however, had one excellent opportunity of obseiving the moon, and have 
observed several stars, single and double, and do not think that my opinion could have been altered 
by a greater number of observations. The correction of colour is not complete, but it is much more 
nearly complete than I expected, and very much more so than in a smaller telescope of Mr. Barlow’s 
construction wHch I tried several years since. The colour is so far removed tliat it is not oflensive 
tm a power of 300 is used. But with regard to this colour, there is one point of great importance to 
be noticed by any person who shall tiy the telescope in future. Jt is that, in consequence of the 
separation of the object- lenses, the only part of the field which can possibly be free from colour 
vnth a common eye-piece is in the line passing through the centres of the two object-lenses; and 
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tluit from tlie prcseni; imperfect centering, this line falls actually out of the field of die liiglicst 
puwei’ (or quite on the edge). An eye-piece of a clilTercnt construction and adjusted ■with greater 
care is necessary before any positive decision can be given. With regard to tlie definition of a star, 
it is not at present good, and tbe tolescopo is decidedly incompetent to separate anj'^ close star ; but 
I regard lids as a faidt in tlic nialcing of tbe surfaces, to ■wbicb any telescope is liable, and wbicb 
does not intc'rferc at all in my estimation of die value of die new principle of construction. 1 know 
not bow far a circumstance mentioned by Mi'. DoUond (tbe alteration of spbci'ical aberration witb 
an alteration of temperature) may account lor tbis; but so mucb of tbe irregularities are cut off by 
cutting oil’ the exte.rual ring of die object-glass, that I bavc no doubt ol its being due principally to 
tbe figure. 

My ojfinion is, tbereforo, dial a larger telescope, as good of its kind os tbe present, would be 
very useful for iiobulic, i!ic.; and ibat, if fi'ced from defects wbicb do not appear to belong to tbe 
construction, it might he c^ual to any astronomical work except tbe examination of bright planets. 

I have laid die advantage oi’ trying tbe telescope once m company witb Sir Jobii Herscbcl, 
Sir David Brtiwster, Mr. Cooper, Dr. Itobiuson, and Professor Hamilton, and dieir opinion, upon 
tbe wliole, eoincidod lu'arly witb mine. 

I hi‘g to suggest tbe jirojiviety of attaebing a finder to the ieiescope, as mucb time is lost in 
seeking for any ohjeet. 


G. B. AiiiY. 


Juno, 20, IHJJ.*}. 


Ca^iialn Smylhh Jieport. 

I beg you will inform Ills Royal lliglmcss die President, and tbe Council of tbe Royal 
Society, tbat 1 liave dlls day iiacked up tbe iluid refracting telescope of wbicb diey buvo done mt' 
die boiiour ol’ asking my opinion, and that it will ho forwarded to Professor Airy without delay. It 
might indeed have been sent to Cambridge sooner, but tbat I waited for die first quarter of tbe 
pi'esent moon, to test tbe light and tbe performance of the instrument; but 1 regret that, though 1 
was constantly upon the R])ot, the weather has prevented my having on opportunity of catching bc'r 
till she was past her dicboloniy, and consequently too glaring lor the purpose. 

On die arrival of tbe. telescope', it was ciu’cfully unpacked, and immediately mounted, for tbe 
moment, on tbe lower slab of the revolving roof of my polar-axis room. It was fitted by its two 
pivots to the iron cnitcb which was se'iit widi it, the upper parts of which were cut into Y’s: the 
inner end was supported by Mr. Dollond’s ingenious “eye-end stand. The inBti'uincnt, however, 
was liable to tremor, both from the motion of the roof and die fioov; but it enabled me to examine 
a fi‘W objects while poles were being prepureil to form a bettor stage outside the Observatory. And 
1 should remark, that it was an-anged with Professor Airy, who favoured me widi a visit on die 
occasion, tluit my experiments were to be entirely confined to the performance of tbe telescope, 
while be would investigate its principle. My jiortion was to he governed by direct comparisons 
with my refractor, as a standai’d Irorn which to assume die relative merits of die two. That instru- 
ment has a double ohjcot-glass ol’ inches clear aperture, and 8i feet focal length; a space 

wbicb I bavc good reason to think is accurately proportioned to the densities of the crown and Hint 
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glasses: and, notwithstanding the magnitude of the diameters, the curves of the lenses seem in 
tolerably exact chromatic and spherical aberration throughout. It may therefore be presumed to 
be a more severe reference than the dimensions alone would suggest. 

The temporary stage alluded to, outside the Observatory, consists of two upright beams of fii-, 
firmly driven into the bed of gravel which forms the substratum of the garden, and a cross-bar| 
strongly screwed, supports the iron crutch with its Y’s. This is erected close to a platform and 
pier, which were bmlt for some magnetic experiments, and afforded great facility in attending to 
the outer lens, and augmenting or diminishing its aperture. While looking towards the soutli, it 
commanded from nearly a horizontal view to above 60° of elevation; and by unsliippmg it, and 
turnmg it northwards, it swept the polar region. Such being the means, it remains faithfully to 

report what I observed, regretting, at the some time, that the weather has continued mostly 
unfavourable. 

Monday^ Feb. 25, 1833. The evening cleared off, and was very^no from 8 till nearly 11 
0 clock P.M. At 7, I placed the instrument on its stand; at 9, the thermometer was 37°-6, the 
barometer 29-32, and the hygrometer -771 ; the wind was at S.E. 

1. The Jfoon.— The examination of the lunar cavities and shadows was rather unsatisfactory, 
nder the powers 250 and 400, it bore the whole aperture; but with 90 and 150, there were two 

^ectra, one of which haunted the centre. In definition, the duid was excelled by the iUiit-glass, 
both instruments being very steady. 

2. TJie great Nebula in Onon.— This mass was seen very fairly with the whole aperture; and 
the trapezium was beautifuUy distinct under all the powers except that of 400. From the exmnina- 
tion of tins object, tlio best performance seems to be with the eyepieces 150 and 250. The relative 

light of the flmt-glass and the fluid-refractor’s, when the latter was reduced to six inches of aperture 
appeared very nearly equalized. ’ 

3. Fewifs.— Thistiial was altogether unsatisfactory, from the strong irradiation and the quantity 
of loose light. The planet was, however, low down in the west, in a stratum of mist. Tlie only 
power used was tlio one of 90 times; but there was a great defect in distinctness. 

4. Rigel—T\xis star was in the S.W., and rather low; it was, therefore, as might have been 
expected, surrounded with teasing rays, through which I had some difficulty in detecting the small 
companion. The star had a spurious but broken disc, and was fuU of colours in every part of the 
field except the centre, where they were partially destroyed. Powers 160 and 250. 

Tuesday, Feb. 26, 1833.— At 9 in the morning, with the thermometer at 38°-8, and the 
hygrometer -798, 1 examined anenameUed watch-face, which is fiimly fixed upon a distant chimney 
of solid construction;^ and, though the solar focus could not be used, I considered sufficiently distinct 
^on would be obtomed to test the achromaticity of the telescope. The plate itself bore the trial 
better than did the edges of the cliimney-sides, where the focus could not be adjusted so as to pre- 
vent the alternate production of light green and purple mist, as the eye-tube was pushed in or out: 
and these colours scarcely disappeared, even when brought into the centre of the field of view. 
Some of this might probably be corrected by adjusting the fluid-lens for near objects: and Professor 
Barlow writes to me, that this can readily be done; but that he took off the screw head, by which it 
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is effected, to prevent mere lookers-on from deranging the instrument. I’hc watcli-facc being upon 
a dark ground, I played the eye-tube till I procured a spurious disc over it, by which I was 
satisfied that the centering was very nearly accurate. 

I then left the telescope in statu quo, and at half-past 12 again inspected it, the thennometer 
being 47°'6, the barometer 29‘23, the hygrometer *789, and the wind S.S.W. ; particulars which I 
carefully noted, for a reason wliich will presently appear. The watch-plate was now considerably 
plainer, and its figures more sharp and distinct; but the focus required shortening in; and, though 
there was less colour than before, I was surprised to find it verging to the prismatic extreme, and 
tinged with red; a circumstance which ocular foci, or the distance, would hardly account for. 1 
repeated the examination in the evening, when the thermometer was 45°’4, and the hygrometer 
•790. I now found that the focus required lengthening; but the vision was at its beat, and the 
colours had almost vanished, though a foggy spectrum was perceptible at times. High powers 
of course did not agree wi'tli so near an object ; but they were used without greatly distorting the 
image. 

Thursday, Feb. 28, 1833. — The weather was very fine Jrom 10 to 12 p.m., though the wind blew 
occasiorfuUy in hard squalls from the S.W. The instrument appeared but little affected, and yet the 
observations were rendered unsatislactory by the frequency of these gusts. At 11, the thermometer 
was 38°‘4, the barometer 29*45, and the hygrometer *723. 

1. a* Orionis . — Saw 8 of the 10 stars which compose this cluster, but not sharp. This situa- 
tion was unfavourable, it being two hours and a half off the meridian, and the S.W. quarter of the 
heavens was hazy. The power used was 250. 

2. ^Ononis . — This, of course, was very plainly scon; but 1 fished it up for its definition. 
The large star had a formidable nimbus, yet it did not prevent the increase of dark vacancy on 
raising the magnifying powers. There was much less loose light than I expected, and the small 
star was palpably of a pale blue tint. 

3. Eiyel . — This star was now too far in the S.W. to be made much of: it was trcmidous, and 
greatly irradiated under power 250. The companion was not visible, and there were two trouble- 
some spectra. 

4. Saturn . — The body of the planet bore magnifying powers, and showed the thin silver lino 
of ring which now appears, without distortion, but certainly without sharp definition. 1 could only 
perceive two of the satellites, while witli the fiint-glass refractor 1 saw three. The whole aperture 
was too much for the instrument, and it was therefore cut off to six inches. 

5. As tiro north was now the clearest part of the heavens, at about 11 o’clock the telescope 
was turned to that direction. The pole-star and its companion were seen very distinctly; even 
under the lowest power. This, of course, 1 expected; but J foimd that it was also viewed, on both 
sides of the object-glass, with much loss colour than the other tests I had been looking at. 

Monday, March 4, 1833. — This was the best night 1 had yet had, and it continued very lair 
till nearly midnight. I was somewhat troubled with dew, but the mstrument was free from 
tremors, and worked as well as its temporary mounting could admit of. The temperature 
stood thus : — 
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8 o'clock. 10 o'clock. MidniylU. 
Thermometer . . . . . . . 45°‘5 43“"6 

Barometer 29'85 29‘86 29'89 

Hygrometer '740 *737 '728 

1. Rigel. — This star was greatly discoloured at the edges of the field, and was aceoni}Ki.iJU‘(l 
by a singular spectrum, which was not destroyed by being brought into the centre. I eauglit tlie 
companion by glimpses, but it was immersed among strong rays. The powers u.seil werci 90 
and 250. 

2. Sirius. — This brilliant star was stiU more discoloured than Rigel on either edge oi' the llel<l 
of Tiew, and had a continuous production of rays, which in the centre surrounded the Htav, i)ut at 
the sides preceded and followed it, like the wings seen where a flint-glass is not honiogencous, hut 
fainter. These irradiations, as well as the dispersed light, were considerably cut oII’l)y (.liiniiilshing 
the aperture of the outer lens. The powers used were 90 and 160; and I tried witli 400 to nii.se 
a disc, but it was altogether too much for the object. 

3. cr Orionis. — Saw the whole of the ten stars of this group, but with great difficulty, and, if 
the term may be used, under a dim definition. Indeed, had I not practicidly known the object, 1 
am doubtful whether I could have made out the middle stars. It should, however, be also stated, 
that it was nearly three hours to tiie west of the meridian. 

4. The great Nebula in Orion. — I placed the whole aperture upon this object; and, tliougli the 
moon was nearly at full, I easily made out its outline, as well as that of its companion. But. llu( 
trapezium of stars, under high powers, was more distinct with an aperture of 6 inches than when the 
whole was applied. I could make out only four stars in this spot; it wiU be recollected, however, 
it was now three hours past the meridian, for the time of its transit will not allow of earlier <iX[)(‘rU 
nient Thus I regret, because so fine a constellation, from its composition and place, oilers iu' it^^eIl’ 
a thesaurus of astronomical tests. 

5. 7 Leonis. — This beautiful double star was remarkably well scon, being nearly on tllt^ meri- 
dian. There was, however, much false light, but it did not hinder thocoloura being seen; the large 
star was slightly red, and the small one a Saxon green. The powers used wore 90, 1 50, and 250. 

6. 6)3 Zrfionis.— This was a test which, in the deficient arrangement of the appiu-atus, I could 
not manage; but, notwithstanding there was mnch dispersed light, I should pronounce that with 
power 400 I saw the star elongated, and different from the other two omegas. 

7. The PrcBsepe.—Aji examination of this cluster was very favourable to the defining ])ovvius 

of the telescope, and its general distribution of light. I tried it under the eyepieces 90 150 
and 260. ’ ’ 

8. C Canon.— some difficulty I made out this object to be triple, under a power of 250; 

tlmt of 400 broke the rings of the spurious discs with disagreeable rays, so as to confuse the whole 
vision. 

9. Sa/iin>.—The planet was about two boura and a half to the east of the meridian when 1 
pW the telescope upon it. It was tolerably defined, but with muddy edges, though it bor<i mac- 
mfying pretty feirly. I saw two satellites steadily, and a thh-d by glimpses; and this was all I 
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could do witli my own telescope at the time of transit. The ring resembled a thin silvery bar l 3 dng 
equatoroally across the planetary disc, and was sharper than the body of Saturn. 

Wednesday, March 20, 1833.— I had now intended to wait for the first quarter of the new 
moon; but the night proved so fine and dark, that I re-examined some of the former tests, and 
observed some new ones. There was a light N.W. wind, and the temperature was thus : 

9 o'clock. Midnight. 

Thermometer 37°'7 34“‘4 

Barometer 30'01 30'00 

Hygrometer *680 *670 

1. The great Nebula in Orion.— This was now three hours and a quarter over the meridian, 
and yet was seen in great beauty and distinctness under the whole apei*turc, with eyepieces 90 and 
150. The trapezium was examined very closely with 250 and 400, which last it bore better than 

it had yet done; but only four stars wore visible. 

2. o- Onoms.— AU the stars of this group were perceptible under the power 250, but they had 
the appearance of being seen in a second-rate reflector; so that I know not how a micrometer would 
work upon this instrument. 

3. VewMs.— The orescent which this planet now fonms was better seen than heretofore, but an 
imsecmly quantity of fight stiU attended it; and under the higher powers the colours were intolera- 
ble. Wlion, liowever, the focus of power 90 was nicely adjusted, and the planet brought exactly 
into the centre of the field, it was a beautiful object, despite of a secondary spectmm. The aper- 
ture was reduced, and 1 did not find, cither now or on other occasions, that this sensibly aflected the 

ocular focus. 

4. 7 Leonis. — This brilliant object was distinctly seen, and the dork vacancy between the stars 
increased more than did the spurious discs, while the magnifying powers were being raised, though 
much loose fight and irradiations were thereby produced. And it is singular that the separation 
was improved by my placing a central disc of card-paper, two inches in diameter, on tbe outer lens. 

5. Messm's mh Nebula.— was very fairly resolved into stars, and better witli the wliolc 
than the reduced apciturc. Eyepiece 90 showed it easily, but the higher powers gave it a very 

turbid appearance. The preceding cluster was brilliant. 

6. a Lfionifl.— Tins star had a bunch of disagreeable rays shooting fioin it; and the fight, when 
imdcr the best adjustment I could give the focus, was curiously thrown to the northward. 1 was 
able, however, to raise a tolerable disc, and the small star at a little distance from Kogulus was 
unusually distinct. 

7. 24 Comas Beren. — I pointed to this remarkably pretty object to test tlie colours, and very 
readily perceived the largo star to bo of a bright orange colour, and the small a sea-green. This 
was one of the best sights I had yet had, and on the whole was satisfactory. 

8. i Leonid. This, though a very close and unequal double-star, was well shown, yet at times the 

stray fight would obscure the companion. The largo star was fiiirly figured, and the small seemed 
about the 10th magnitude, and of a greenish hue. It formed a fine test. 
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9. Saturn. — I had a good trial of this planet; and though the powers 90, 150, and 250, wore 
home, the disc was certainly not well defined. The ring is still a mere bar lying across the equator ; 
it was very well shown, as were also three satellites. When I applied the power 400, the whole 
field was strewn with harsh light. 

10. 7 Virginia . — This iuterestiag star, though now so exceedingly close, was made double with 
250, and very well shown ; but with 400 there was great tremor and irradiation, so that tlie discs 
were often confused into one. 

Saim'day, March 30, 1833. — After a continuance of bad weather for several days, it cleared off 
a little; but in the mean time I had missed the favourable phase of the moon, for which I had been 
waiting, I therefore closed my ezammations with the following one : 

The Sun. — From the extreme volatility of the sulphuret of carbon, I was fearful of its expansion, 
and therefore had not yet turned the telescope upon the sun, lest the condensation of tiro solar rays, at 
the place where they traverse the fi.uid, should prove too much for the lenses. But on mentioning 
tins apprehension to Professor Barlow, that gentleman assured me that an exposure of from five to 
ten minutes could do no mischief. I therefore this day reduced the aperture to three inches, and 
directed the instrument to the solar disc, when, sweeping over the luminary for about three minutes, 
1 found the surface was quite clear of spots. On turning from it, I drew out the eye-tube, and 
looking at the fiuid, perceived that the bubble was considerably diminished, but not so much as I 
had expected. This was the only time that I exposed the telescope to great heat. 

These are the only experiments I have been able to moke ; and the season of the year, together 
with the inefficiency of the apparatus, have certainly prevented mo from assigning exact limits to the 
performance of this telescope. Still, as I had immediate reference to one of the best refractors extant, 
I may add the following conclusions, premising, that I have not constantly noted down the perform- 
ance of the latter upon each test, because my end was to pronoxmcc upon the fluid object-glass. J 
should also observe, that the magnifying powers of both the instruments were equally matched, and 
their apertures were generally proportioned to nearly six inches : the eye-pieces were thus : 

Fluid refractor 90 150 250 400 

Flint-glass ditto 93 157 240 416 

From the result of my observations, it has struck me that this ingenious principle has strong claims 
to consideration for its valuable optical powers, but tliat, in the present stage, it is more adapted for 
stars than for planets ; and should tlie application of it be tried on a larger scale, it might be made 
witli sufficient illumination to examine tlie high-class nebuke; a branch of practical astronomy 
which is now nearly shut against refractors. The defining power does not strike me as being so 
good as the light, nor does the achromatism seem to be perfect. Yet I should mention the want 
of focal and mechanical arrangement; that the only adjustment I had for distinct vision was by the 
hand, with the sliding eyepiece tube; and that slight derangements might be occasioned by the 
mounting and dismounting of the great tube, however carefully it was attended to. 

I cannot but suspect that the performance of this telescope is affected by temperature, and that 
severe tests in the summer months might afford different conclusions to those which I have arrived 
at; but as I considered my opinion was desired on the instrument in its present state, I took no 
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means for applying artificial heat. And, perhaps, the secondary spectrum which haunts the field 
might he mitigated, and the prismatic colours destroyed, by an alteration of the distance between 
the fluid and outer lenses; — the same consideration prevented my applying for a screw, by which it 
might have been effected. 

But there is one condition of the instrument which, if correct, would be of greater importance 
■ f.Vinn the rest, as connected with this Report. It strikes me forcibly, from the several effects I ob- 
served, that the focus has been cut too short; a defect which would seriously affect the spherical 
aberration of the outer or object lens and its dispersion: and this would account for the fluid 
refractor not performing better than the flint-glass one, without impugning the corrective powers of 
the sulphurct of carbon, or its skilful application by the scientific Professor. 

W. H, Smyth. 

April 4, 1833. 


No. III. 

SIR JOHN HERSCHEL’S ORBITAL REVISION OF y VIRGINIS. 

{Referred to on page 357.) 

R A 12’* 33“ N P D 90“ 31'. Tlie apparent perihelion passage of this interesting double-star 
took place in the first half of 1836, and the appulsc of the two stajs proved (as predicted) so very 
close os to cause it to appear as a single star to aU but the most powerful and perfect existing 
telescopes under the most favourable circumstances. In no part of the interval from 1835.971 to 
1837.545, both dates inclusive, was it possible to observe any certain elongation of the united discs 
with the 7-fect cquatorcal, capable of being in the smallest degree relied on for a measure. It 
should bo observed, however, that, owing to the influence of the arid and heated sandy tract inter- 
vening between Foldhausen and Table Bay, to the northward of the former station, it was rare to 
procure even moderately tranquil images of stars situated so near the equator. In consequence 
almost all the measures obtained of this star were procured only by the most obstinate patience and 
perseverance in waiting for favourable glimpses, occurring among long intervals of confused and 
agitated definition, as the notes appended to the individual night’s results sufficiently show. 

During the interval between the dates above mentioned, the star was frequently examined. 
On the night of the 2lBt December, 1835, it was kept in view nearly on hour, trying all sorts of 
methods to divide it, but in vain. 

“ I see the disc round and sharp, though tremulous, and the rings, &c. all in motion ; — no power I can 
apply gives me the least certainty of an elongation. To this telescope, with its highest power and in good 
action, the star is single. (7 feet Equ. )’’ 

Again, on the 23rd December, 1835, it was examined with all the usual powers up to 400. 

** Definition very far superior to any 1 have ever had of this star smee I have been at the Cape. Its 
disc, at the best moments, is seen steadily round. I can no way succeed in dividing it. When the focus is 
over-urged, to give the smallest disc, it was seen a little wedge-formed downwards, but turning the telescope 
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in that state on Spioa the same appearance was seen. This observation was made just before and during 
tlie morning twilight, and as the star gained altitude the definition continued improving." 

“ January 10, 1836. In the best moments I fancy 1 see a very trifling elongation — roughly about the 
direction of the meridian with 279 and 300." [400] “ Worked at it a fuU hour, tximed the object-glass 

and its ceU in the tube half a turn round with remarkably good effect.” 

“February 9, 1836. In the commencement of twilight, in the thin scud of a black south-easter, 
which is beginning to bring up its cloud after a cloudless night, I feel pretty sure that there is an elongation 
as indicated. Pos 13° 50' a single measure, with the lowest weight a ^neaaure can have.” 

February 18, 1836, — 20-feQt reflector. “Viewed y Virginis with powers 320 and 480, which gave 
round discs and very good definition ; but could get no indication of its being double. Far bettor defined 
than y Centairri,” which had just before been viowed with the same instrument, and which was seen well 
elongated, and in momentary glimpses separated with 820 and a triangular aperture. 

May 3, 1836. “ With the utmost patience and the greatest difficulty, from the violent agitation of the 
star, I think I have a measurenhle elongation. Pos. = 6 ° 30'” (by a single measure). 

May 12, 1 836. “ y bears No. 4 better than usually No. 3, and I am almost sure it is elongated a very 

little." Pos. = 3° 80' (by a single measure marked ±). 

“ Januai-y 14, 1837. Being a most glorious night, I waited till lOh. 20m. Sid. T., and then atlacked 
y Virginis. Capitally defined, though catchmg. Bore No. 4 well In some moments I keep suspecting an 
elongation from / to p, but at others it is quite round. Put on aperture 2^ inches — a beautiful planetary 
disc without rings. K it be elongated the major axis is not more than . 5 ^ greater than the minor. In 
shoif;, I came to the conclusion that, lor anything 1 could see to tlie contrary, the star is single. In tins 
state, turned the telescope on y Oentauri with the powers No. 3 and No. 4 distinctly elongate, consequently 
I conclude that the distance of y is at most I, perhaps that of y Centaui’i, which is ceilaiuly under 1"." 

“ April 24, 1837. The besl. sight of y Virg. I have ever got smee my residence attho Cape. Quite round 
with No. 4, nor the smallest sign of elongation that I can perceive. The rings brandish a little, but slowly, 
and the disc moulds a little, but it is altogether finely defined, and examined quite at ease. 2 ** west of 
merid." 

“May 18, 1837. Scarcely a doubt of elongation. Long contemplated with No. 4. It is surely not 
round, and position, by 3 measures, = 202“ O'. (Brandishing but a disc.) After an hour’s rest of the 
instrument much less evidently elongated. Still I think it w so, but am by no means so certain as when 
first seen.” 

“ June 27, 1887. I am almost certain of an elongation 60“ ± nf or sp ; but the star will not bear 
No, 4. No 8 shows it round, but wants power. A reading (such as it was) of the micrometer taken, gave 
Pos. = 211“ 40'. 

“July 19, 1837. Certainly elongated. Of this I have no doubt. The star is better defined than I 
over saw it at the Cape under No. 4. Definition excellent — for this star unequalled. Pos. by a single 
reading 210“ 20'. — Further examined. When best in focus, i. e. when disc reduced to its least magnitude, 
■perfectly round. Turned the telescope on /3 Coiwi and 6 Corvi. In similar state of the focus I see the same 
elongation in the same direction, but when perfectly adjusted the discs are qiute round, and so is that of 
y Virgiois.” 

Such is the history of my observations of this stai’ during its perihelion appulse. The time 
of the perihelion passage appears to have been retarded nearly two years beyond that predicted in 
my first calculation of the orbit, the elements of which, however, as subsequent observation has 
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shown (with the exception of the excentrieity), arc incapable of representing the motion of the 
stars far beyond the limits for which they were ealonktod, however completely the conditions of it 
were satisfied by them^ witHn those limits. The reason of this abandonment of the old supposed 
orbit, and the substitution for it of one differing so very widely &om it in all but the single element 
above mentioned, which the further progress of observation has necessitated, will he readily under- 
stood by the Inspection of the annexed figure, in which M D A B repi-csents the actual orbit 


TO 



described by the one star about the other at S, and m d a h the orbit represented by my first 
elements. It will be seen tliat the two orbits arc almost exactly coincident over all tliat portion of 
each which corresponds to the intervsal embraced by the observations from 1781 to 1835, witliin 
whicli alone micrometrical measures had boon at that time obtained — ^thc actual or smaller ellipse 
being curiously packed within the other in the manner of an osculating curve, intersecting it in 
four points, and deviating from it in the intervals between them by a quantity much too small to 
excite any suspicion of error at that time. 

3l 
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Ti^ i. .ot the first by many mstances in ths Hstnry of sm^t^fic pro^-ess 
possible courses, each at the moment equally plausible, the ^ong has been drosen. But m thm 
cose, the adoption of the larger ellipse seemed to be necessitated by the portions 
the observataons of Mayer in 1766, and of Bradley in 1718, wUch it appeared demrablc, if possible, 
to conciliate* Now, howeycr, that micrometrio measures hswe been sufamcntly 
positions obtained liie that of Bradley by mere allmcations with distant stars, one eye e 
mteope, the other directed to the heavens; or, like that of Mayer, by a stdl more insecmo 
method viz., by independent differences of E A and P D taken from a catalogue, can by no mea 
be among the normal data to be used in the determination of elements. 

The lapse of a very few years sufficed to show that the movements of the stars arc perfomod 
with much greater rapidity, and in a much smaller orbit than that at first as^ed to ffiem. 
Elements of ffieir orbit have been computed from time to time by Messrs. Maedler, En^c, Captain 
Smyth, the late lamented Professor Henderson, and, recently, by Mr. Hind ; also by m^fm 
1843 fto wliich reference has been made by Captain Smyth, in hie useful and elaborate work. 

Cycle of Celestial Objects,” ii. p. 281). It is not a little remarkable that all these odmlations agree 
in »°°Yuing almost precisely the same value to the racaitnaift/ (physically speaking, o mos 
importot of all the elements) as that resulting from my earUer calculations, though they d^m 
materiaUy from each other in the position of the orbit in space, and especially m iho period; 
Captain Smyth’s period stUl extending to 196 years, wliile, witli a certain combmation of other 
elements, so low a period as 124 years seemed to myself not absolutely excluded ; at least if aU tlie 
micrometrical obsorvarioua on record be conriderod as entitled to equal credit. _ 

This, however, for reasons which will presently appear, I consider more than quostiomblc ; 
and as the complete establishment of the offiptic motion of this binary star is a pomt of high 
importance-ono of the groat facts Indeed of modern astronomy-a re-invostiga,tion of its_ orbit, 
founded on careful examinaUon of aU the recorded measures, will not be deemed irrelevant m to 
place. To this end there are assembled in the Mowing table the mean results of aU the recorded 
observations of its angles of position (miorometrioally measured) which had como to my knowle go 
up to September, 1845. 


* In mv earlier iavestigatious of the orbit of this star, a mistake of 10” was oommitled in reading off from a 
celestial ohak the angle of position of the two stars a and J Tlrginis, with which Bradley compared the double 
star. Mr. Henderson hos rectiaed thU mistake. In oonsequonoe of it the agreement of my first orbit w h 
Bradley’s observations is only apparent, my ealoulatea position for 1718 being 159” 17', and the position jiMu^y 
resnltmg from Bradley’s comparison (with the due corrections for precession and oosjir s^tmn) being 50 52, 
instead of 160” 52', as set down in my paper (Mem. Ast. Soc. 1832). It is remarkable, however, to 
Henderson deduces ftom his own dements a position of 161" 16' for tire epoch in question, differing by less than 
2" from my computation, though steting from such widely different elements. Both are erroneous, however, and 
this important observation of Bradley’s wiU bo found very satlsfaotorUy represented by the elements about to be 

given further on. 
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US 


No. 

t 

S 

Obs. 

No. 

t 


Obs. 

No. 

t 

i 

Obs, 

1 

1781.89 

130° 44' 

H 

20 

1832.30 

69» 66' 

D 

39 

1837.21 

266° 27' 

Sm 

2 

1803,20 

120 16 

H 

21 

.40 

71 26 

Sm 

40 

.41 

267 66 

2 

S 

1820.29 

106 16 

2 

22 

.62 

73 30 

2 

41 

.48 

266 24 

M 

4 

1822.26 

103 24 

S,h 

28 

1833.18 

61 46 

h 

42 

1838.08 

237 28 

h 

6 

.36 

102 44 

2 

24 

.80 

61 9 

D 

43 

.28 

235 41 

Sm 

6 

1826.32 

96 68 

s 

26 

.83 

68 10 

Sm 

44 

.32 

233 26 

D 

7 

.32 

97 56 

2 

26 

.87 

66 32 

2 

46 

.48 

231 6 

0 

8 

1828,36 

90 SO 

h 

27 

1834.30 

47 9 

Sm 

46 

.43 

229 12 

M 

9 

.88 

91 30 

2 

28 

.81 

46 48 

D 

47 

1889.82 

214 36 

D 

10 

1829.22 

87 48 

h 

29 

.88 

61 40 

2 

48 

.40 

217 12 

Sm 

11 

.39 

88 17 

2 

30 

.41 

39 0 

h 

49 

1840.88 

206 43 

D 

12 

1830.38 

82 5 

h 

81 

.84 

33 26 

2 

60 

.46 

206 42 

0 

13 

.30 

81 29 

D 

82 

1836.11 

21 27 

h 

61 

1841.34 

200 3 

D 

14 

.69 

82 10 

B 

S3 

.38 

16 29 

2 

62 

.36 

200 11 

M 

16 

1831.33 

77 12 

h 

34 

.40 

14 69 

Sm 

63 

1842.84 

107 26 

A 

16 

.35 

78 12 

D 

86 

1836.28 

360 9 

D 

64 

.41 

104 60 

D 

17 

.36 

80 66 

2 

36 

.34 

340 48 

Sm 

66 

1848.38 

191 36 

Sm 

18 

.88 

77 64 

Sm 

87 

.41 

331 34 

a 

66 

1846.34 

186 24 

Sm 

10 

1832.27 

70 20 

h 

38 

1837.20 

280 26 

E 






authority of each observer (with exception of tliose 
of M. Struve in 1834) are the means of his recorded observations for each year. The fii'st column 
contains a number for reference ; the second, headed t, the mean epoch of observation ; the thii’d 
headed 6 , the angle of position corresponding, and the fourth, the initial of the observer’s name* 

If tlicse positions be projected on a chart of engraved squares for the purpose of mutual inter- 
comparison, in order to tlie construction of an interpolating cuiwe representing the most probable 
course of the variation of this element during the whole interval of observation, it will at once be 
apparent that the observations of M. Struve from 1828.38 to 1834.38, both inclusive, cannot 
possibly bo used m conjunction with the rest of the scries. A' curve drawn through the points 
representmg these observations, separates itself gradually and systcmaticaUy firom that which 
expresses with tlie utmost consistency and regularity the general course of the movement as 


Dawos; E. Encko; PI. Sir William Hersohel; Ii. Hcrschel, junior : M, Mao(ller‘ 
0. Otto Struve ; S. South ; Sm. Smyth ; S. Struve ; s. Sabler. 

3 L 2 
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deduced un the oUtot audwith., the 7 -^ ““ 7 “— S 

after which it ceases abruptly, dte subsoqucut 7™ aa so Teprc 

previous to 1828, being in good accordance tnth * rest, on ^hoso 

sented. This is dearly a cane in WI 7 no nn e co 

observations with the rest by a system of taking means, woidd be 7 a 

series, and to mar the ehmn of dam at a most "iHrinvestigatlon of this 

proceed independently of diem, and as it wo^ be the same 

L„ - -5* rsrrr.: ^4-,, » 

observer, shall leave, m what lo » ^ -lI, „ tr^/.w +n the tlctcnnination ol 

anoteo^on ‘^^vitnet” m obsa^Xn No. 53 having been mrule with a 

an orbit resting solely on t ^ ^ distorted images, and standing, moreover, In irrecon- 

r 

tutiS mWos .ntpross. the first, a series of moan epochs an.l positions dedW 1^ 


table of mean observed epochs and angles of position op y VIRGINIH. 


( 

0 

Observ. usoiV. 

t 

i 

ObHurv. UBod 

t 

6 1 

Olmcrv. UHud. 

1781.89 

0 f 

130 44 

1 

1832.82 

0 f 

70 34 

19,20,21 

1838.31 

233 22 

42,43,44 

1803-20 

120 16 

2 

1833.27 

02 2 

23,24,26 



*lfj| U) 

1822.26 

103 24 

4 

1834.34 

44 19 

27,28,30 

1839.31) 

216 63 

47, 48 

1826.32 

96 63 

6 

1836.26 

18 13 

32,34 

1840.41 

206 42 

49,60 

1828.36 

90 30 

8 

1830.81 

849 68 

36,30 

1841.34 

200 7 

61, 62 

1829.22 

87 43 

10 

1836.41 

831 34 

37 

1842.41 

194 69 

G4 

1830.44 

81 66 

12,13,14 

1837.30 

207 26 

38, 39, 41 

1843.33 

191 30 

66 







1845.34 

185 24 

60 

1831.86 

77 40 

16,10,18 








1 1 v TltosP hv ISI Otto Struve, mih. the Tulkova telescope, are 
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TABLE OP INTERPOLATED EPOCHS AND ANOULAR VELOCITIES OP y VIRGINIS POR ANGLES OP 

POSITION PROM 10° TO 10°. 


i 

t 

__(14 

i 

t 

_d4 

4 

t 

d4 

s 

t 

1 d4 






dt 



d^ 


d< 

130 

1783.41 

0 

0.48 

0 

60 

1834.04 

0 

18.2 

0 

830 

1336.37 

0 

62.0 

0 

260 

1837.72 

0 

34.6 

120 

1808.61 

0.60 

40 

1834.61 

23.3 

320 

1836.63 

67.2 

240 

1838.04 

28.0 

110 

1816.00 

0.99 

80 

1834.90 

29.4 

310 

1836.67 

70.8 

230 

1838.46 

20.9 

100 

1824.20 

1.74 

20 

1836.28 

33.3 

800 

1836.81 

72.0 

220 

1839.06 

14.0 

90 

1828.47 

8.1 

10 

1886.62 

37-0 

290 

1836.96 

71.2 

210 

1830.04 

9.6 

80 

1830.90 

6.1 

0 

1885.78 

41.7 

280 

1837.09 

66.4 

200 

1841.34 

6.6 

70 

1832.43 

8.2 

360 

1836.01 

47.6 

270 

1837.26 

65.6 

190 

1843.84 

3.2 

60 

1833.40 

12.7 

340 

1836.20 

66.6 

260 

1837.46 

43.9 

185 

1845.60 

2.7 


Setting out with this latter table as a basis of calculation, I find the following elements:— 
Excentricity ..... 

Inclination to the plane of projection 
Position of ascending node • . . . 

Angular distance of Peiihelion from Node on the plane of tlio i 
orbit, or true angle between the linos of Nodes and Apsides j 
Epoch of Perihelion passage • . . . 

Periodic time ..... 

and the following formulm of computation tlience resulting : 


e = 0-87052 
y = 2S° 85' 40" 
a = 5° 33' 

\ =313“ 45' 

r = A.D. 183G-43 
P = 182.12 years 


tan (v — 4G° 15') = f 0-0379 1 ]. tan (0 — 5” 38') 
tan I « = [9 40293] . tan ^ v. 

1836-43 -t= [9-70408] . — [1-70237] . sinw.} 


COMPARISON OF THESE PORMULiE AND ELEMENTS WITH THE TABLE OP MEAN OBSERVED EPOCHS. 


t 

io 

4o — 4o 

t 

4c 

6a — 4o 

t 

6a 

6(‘ — 6o 

1781.89 

0 t 

131 0 

O / 

+ 0 16 

1832.32 

0 / 

70 8 

0 / 

— 0 26 

1838.31 

0 / 

234 12 

O / 

+ 0 60 

1803.20 

121 2 

+ 1 47 

1833.27 

00 10 

— 1 62 

1839.36 

216 24 

+ 0 31 

1822.25 

104 62 

+ 1 28 

1834 34 

44 24 

+ 06 

1840.41 

200 4 

+ 0 22 

1826.32 

00 6 

+ 2 13 

1836.26 

20 26 

+ 2 13 

1841.34 

199 50 

—0 17 

1828.36 

90 67 

+ 0 27 

1836.31 

333 27 

— J6 31 

1842.41 

194 83 

—0 26 

1829.22 

87 65 

+ 0 12 

1836.41 

326 40 

— 7 44 

1843.33 

100 66 

-0 42 

1830.44 

82 24 

+ 0 29 

1837.30 

2G0 0 

+ 1 41 

1846.34 

186 24 

—0 8 

1831.36 

77 13 

—0 33 
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00MPAW30N OF THE 3AME ELEMENTS AND FORMULAE WITH THE TABLE OF INTERPOLATED 


i 

rfo — A) 

6 

h — 4o 

6 

io — A) 

i 

tfc— ^0 




O / 

O 

o / 

0 

0 / 

180 

+ 0 34 

60 

—0 40 

330 

_-4 8 

250 

+1 7 

120 

+ 1 47 

40 

+ 0 29 

320 

—4 9 

240 

+ 0 66 

no 

+ 1 60 

30 

+ 1 7 

310 

~4 7 

230 

+ 0 69 

100 

+ 1 18 

20 

+ 1 2 

300 

—3 22 

220 

+ 0 29 

go 

+ 0 38 

10 

+ 0 28 

290 

—2 43 

210 

+ 0 12 

80 

—0 6 

0 

—0 62 

280 

+ 0 4 

200 

_0 9 

70 

—0 46 

360 

—2 24 

270 

+ 1 88 

190 

—0 60 

60 

-1 14 

840 

—3 80 

200 

+ 1 36 

186 

—0 34 


It .ill not be found easy to represent either fhe “ ^e 

throualmt muob more dosoly than by those dements. With regard to the dmation ol 16 31 
the observed epoch of 1836.31, ndther Captain Smyth nor Mr. Dawes sjo, I beheve, “ 

attribute any wdght to thdr observations at that epoch, the stars being thm so (Kcossivdy c _ 
that a doulLl dongationwas aU the indioation of its being aotudly double afforded by their 
instruments. The Dorpat angle at the perihelion epoch, though stated by M. 

Jfmromdric®, &o. p. 288) to be the result of three days’ observations by Messrs. Otto Struve and 
&bler is in fact the mean of two measures of the latter, which, no doubt for vdid reasons, he 1ms 
oonddered preferable to the others, and indeed the groat difference among the indmduid measures 
on these tone days (which, dMng /or l7is motion of i7« stars in tU mtmoah amounte te fuUy 
12°1 ' dearly shows the difficulty of the obsorvation, and the necessity of oxorcismg some judgmen 

L l’vS^^pel-ence te semj one result over the other. Now one of M. Sab er’s ote— 

thus prdeired gives 329° 42' for the position at the epoch 1836.41, differmg onl^y by 4 2 fern om 
computation. Tho other discordances are not greater than may very reasonably be loohed tor in 
the present and past state of tins inquiry, even when doahng with the mean results of sevord 
ote^ers; and the cHef among them (that of 1825.32) would be reduced te little more than hdf 
its amount, had M. Struve’s observation at that identical epoch been uted in place of ffia,t actmdly 
employed. On the whole showing, therefore, I thini. it will be readily admitted that the eUipUe 
hv^otLs is very satisfactotily sustained. The apparently systematic dternation of positive 
Z negative errors, each provLg over considerable arcs of the orte, might indeed be regarded, 
in a more advanced state of the subject, as indicative of some disturbing cause of a periodical eha- 

raotcT, but at present such a conclusion would be quite piqmature. ... . 

The allineation of Bradley and Pound of the two stars of 7 with the line 30 inmg a ^d 8 
Tirainis in 1718.10 has not been included among the data of our interpolations, which criond 
onlv from 1781 to 1845. It will therefore bo interesting to see how nearly our new elements 
repLent this remarkable observation. I have already observed that the true angle of position 
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leadtag from to alEneation at the epoch in question is 150° 52' instead of 160° 52', as, by a 
mistake of 10 m read^ off the angle of position of those two stars, I originally stated it. Now 
c ate t e position for that epoch from the elements above given, we find, it to be 149° 16' 

_ enng by only 1° 36' &om Bradley’s comparison duly corrected for the ocular equation. Tliis 
IS cto^y very satisfactory, being within the limits of what we must even now caU good mioro- 
metnej mea^^t. The error of the position concluded from the places of tlie two stars in 

Mayer’sCataloguefor 1756 is— 5° 26 '. 

Hitherto no notice has been taken of tlie apparent distances. They have formed no part of 
the data from which any of the elements above stated have been computed. The following com- 
par^on o t e measures taken at different epochs and by different observers with those calculated 
by the aid of these elements for the respective epochs eidhibits a correspondence wliich, under all 
the circi^atances of the measurements, must be regarded as in the highest degree satisfactoiy, and 
as completmg beyond aU reasonable doubt the evidence in favour of eUiptic movement. 


t 

eo 

JO 

JO— JO 

Authority. 

t 

JO 

jO 

JC— jO 

AuUiority, 

1781.9 

it 

6,68 

// 

6.60 

It 

—0.03 

H. (?) 

1833.4 

tt 

1.18 

// 

1.10 

it 

—0.08 

Sm. 2. 

1803.2 

6.91 

4.97 

—0.94 

H. (?) 

1834.8 

1.07 

0.84 

—0,18 

8m, b, D, 2. 

1819.4 

3.66 

3,64 

—0.02 

2. 

1836.4 

0.61 

0.64 

+ 0.13 

2, Sm. 

1822,2 

8.82 

8.19 

—0.13 

2, SL. 

1836.4 

0.26 

0.60 

+ 0.24 

2. (?) 

i 823.2 

3,30 

3.04 

—0.26 

Amioi. 

1837.4 

0.60 

0.67 

—0.03 

2, £, M. 

1825,8 

2.81 

2.74 

—0.07 

2, S. 

1838.4 

0.83 

0.86 

+ 0.03 

Sm, 0, M. 

1828.4 

2.07 

2.21 

+ 0.14 

2. 

1839.4 

1.00 

1.02 

+ 0.02 

Sm. 

1829.3 

1.79 

2.06 

+ 0.20 

2, ll. 

1840.4 

1.28 

1.37 

+ 0.09 

0, D. 

1830.4 

1.90 

1.82 

—0.08 

B, h. 

1841.3 

1.66 

1.01 

—0.04 

D, M. 

1831.3 

1.77 

1.62 

—0.16 

D, h, 2, Sm. 

1842,4 

1.72 

1.86 

+ 0.14 

A, D. 

1832.4 

1.23 

1.87 

+ 0.14 

D, ll, 2, Sm. 

1843.3 

1.90 

2.06 

+ 0.10 

Sm. 


^ this table po denotes the observed and pc the calculated apparent distance or radius vector of 
the ellipse. The observations of 1781 and 1803, as well as tliat of 1836, at the epoch of the perihelion 
passage, are founded on estimation of diameters, and arc therefore nccessaiily liable to greater error 
than the others, which aU rely on micrometrical measures. In particular, the estimate of 1803 is 
certainly much too large. That of 1836 is doubtless an under estimate, owing to the peculiar and 
difficult circumstances of the observation, of which an account may be seen in M. Struve’s great 
work (MenmrcB Mwrometric(e, &o.). The other errors are all within the limits which the different 
micrometers, and, above all, the different habits of observers in cHpping the stars more or less 
closely, &o., have hitherto (unfortunately) been found to admit as easily possible, and which render 
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it, in my opinion, impossible to employ tlie measurements of distance bitherto 

elements of calculation. Tlie semi-asia of the real orbit wliicb these compurisonH suj)i)o.se is , . . 

- Since the greater part of these calculations were made, I have received, through 
the following aeries of observed epochs: 1841-366, Pos 200° 6'; 1842-361, 196 11 ; 1343 34. , . « • i i 

188“ 66'i 1845-367, 186° 57'. These epochs have not been included in our inlorpolation, and cannot thorclon- if 
fairly compared with its results. When projected separately, they exhibit a systematic aiul rof^ndarly-tummiiKi^ 
delation from the projection of Mr. Dawes’ and Captain Smyth’s observations, of the very siunc nutun'. u.s 1 nit 
which compelled me to abstain from including among our normal data the Dorpat obsorvations In.in IHl-H to 
1834. Facts of this kind go to prove that full confidence cannot yet be placed in any nncromotru'al nu-ahun-H, 
even of position angles, and in the case of easy stars (as this is once more become); and they lead ns to insist on 
the necessity of an immense accumulation of measures from a variety of observers, and iinrenultingly coimmicd 
for a long series of years, as the only ground of hope for the attainment of accurate elements of this or any other 
double star. This communication is accompanied by a set of elements— (the fourth now calouhitrd by this inde- 
fatigable astronomer)— placing the perihelion epoch at 1836-29, and assigning a period of 14H'7H years, t’oin- 
pai'ing the orbits which seem entitled to most reliance, it appears certain that the cxccntricity lies bet, ween 
and 0-880, the inclination between 23° and 27°, the perihelion epoch between 1830-20 and 183(i-46, iiinl the piTiod 
between 140 and 190 years. The best defined element is that which is usually, but absurdly, culled the jihiee id 
the perihelion on the orbit (or SI -t X in the notation of Art. 192), which cannot dill'er aliovc a degree niie way nr 
the other fi-om 319° 20'. This language ought to be reformed, and the clement itself disused, by genend eoiisi-iil 
among astronomers, as a source of endless -miBapprehension and mistake. 


In thus enrolling' this valuable document entire, we must remind tlie iiinatcnr thut, if lu-m 
upon using the graphic geometrical form of investigating the orbits of revolving J)(Hil)li! Slurb, lu* 
must recur to Sir John Herschel’s able and ready expodtion of tho mctliod, us given in tin* Metnoirb 
of the Royal Astronomical Society (volume v. part i). Besides the first iippliciiliun of tlie pi-oeebfi to 
7 Virginis, he will find the cases of some other remarkable binaries discussed in detiiil, willi tin- 
periods then obtainable from all the available data, as here enumerated;— 


a Geminoexjm 
a CoKONiB Borealis 
f Urs.® Majoris 
70 (p) Ophiuchi 


Period 2.52 yours. 

28G-G 

69-72 — 

80-34 - - 
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^ NO. IV. 

(Referred to at page 368.) 

AN CEBIT OE 7 VIEGINIS. 

[Derived from all tli 0 Observations between I7l8andl858. By Captain Henry Augustus Smytb, Boyal Artillery,] 

F or this orbit I have used throughout the graphic method of Sir J. Herschel, according to your 
recommendation, with such slight modifications as I shall proceed to mention. 

In forming the Interpolating Curve, I laid down all the known observations * of position from 
1718'2 to 1858*4 on an unusually large scale; and, from an inspection of the latter port of it even 
as reduced in the Plate, I tliink it will be evident, that the size allows peculiar facility for making 
those slight alterations in the curve which arc usually found desirable after trying the points obtained 
from it for an ellipse. (The dotted line represents the cuiwe originally drawn, the continuous line 
being tliat which, equally faithful to the observations, was found on trial to afford points more 
favourable to an oUipso.) I think also that the appeoi’once of tliis part of the ciu’ve, with the cloud 
of observations so widely scattered about it, will show tlie desfrability of having, not only plenty 
of and various observations, but also some scale of reliability, or weight, attached to them all. 

In obtaining the distances from tliis curve, I preferred the system of drawing tangents to it, 
instead of that of taking its differences, because the former retains the peculiar advantage of tlic 
graphic metliod, in allowing the eye to coiTcct the inaccuracies of the preceding process, viz., in 
this instance the drawing of the curve. And I applied it, not at any strictly regular intervals of 
time or angle, but more frequently to the less doubtful parts of the curve, or to such as appeared 
more inEucntial on after proceedings. 

In passing on ellipse amongst the points thus obtained, I arrived at the principal innovation, 
wliioh appeared to me desirable in some special cases of the method, Tliis consists in testing the 
ellipse obtained as to the relative proportions of certain sectors of it due to observed intervals of 
time ; of course if the ellipse corresponded witli the observations, tlie proportion of tlie area of each 
sector to its observed time would be the same as that of the sum of all tlieir areas to the sum of all 
the times, or as the area of the whole orbit to its whole period ; but in my special case each sector 
gave a different proportion. I accordingly set myself to shift the position and alter llio dimensions of 


Namely, thoBC of Bradley and Pound, Caaaim tuidTobiaa Mayer, Sir William Hcrscbol, Sir John Horsuhel,, 
Sir James South, the two Struves, Admiral Smyth, M. MMler, the llev. Mr. Dawes, Mr. Gr. B. Airy, Lord 
Wrottcflley, Mr. Isaac Fletcher, Captain Jacob, &o. 

2 M 
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my apparent ellipae, without unduly neglecting any of the pointe kid down, in order to ‘Hudnish as 
far as possible these discrepancies in the results afforded by the diifcrcni sectors. ^ n i' ^ 
found that the sector A (see figure of apparent ellipse,) had a smaller proportion to its tmio, .>m 
consequently gave a larger period than the mean of the others; or more partioii .u y t. i.it ' 
too smaU, B too large, C and D too small, and E about a mean. I then constructed a Irosh ollips.-, 
which by being longer should make A larger, and, by being more nearly verticiil us to its imijoi 
axis, should avoid increasing B in the same proportion: but I found that in-ogrcss in tins <liivetin,i 
increased the disproportion of C and D in a much greater ratio than it diminkluid that nl A tind 

B, unless I should disregard the restriction of the points laid down about the lonmn icgion, w l u \ 
I could not afford to do, as it is perhaps the best defined, by observations, of the whole.. A (tor t ry iiig 
various other ellipsea constructed to favour the sectors sometimes of one region, sonu^luni-.^ ol 
another, I found that they all, with the exception of A, might be made to agr(te vi^ry well uinoiqr 
themselves on a period, by an ellipse slightly shorter than would suit A, which 1 d(U‘.iili'd to Iouvm* 
out of the question as irreconcileable witli the others ; and I subjoin the rehults allorded by ibe 
figure finally approved, having in it arrived at a point where further shortening begun to inukc I», 

C, and D, too small for E; — 


Sector A gives for the whole orbit a period of 187* 1 years. 

B 177*9 

C . .... 170*9 

D 178*8 

E . , . . . . 177*1; 


from which, neglecting A, and giving most weight to tlic best ol)Bcrvo(l oftlui otlu'.r wu'toiv, 1 eon. 
elude the period to be 177*675 years: including A it would be 179*560 years. 

This system of comparing the proportions afforded by the areas find timcis of ililU*reut Heeloru, 
one against another, amounts in fact to a sort of comparison of the o])tained ellipse with the wlutli* 
series of observations, and appears to be more appropriate tlius early in the process than wlnui nn)re 
labour has been spent on a possibly erroneous figure. 

The elements of the Apparent Ellipse thereby approved arc ; — 

Major aemi-axis 8"’8G7 

Position of do. ...... 145® 10' 

Excentrioity *839747 

Also the resulting radii-vectoreB — 

Maximum distance . , . . , G"*349 

Position at do. 143“ 12' 

Minimum distance 0"*37G 

Position at do. ...... 315“ 30' 
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Ju-om tills apparent ellipse I obtained the elements of the real one, using aU Sir J. Hersehers 
0(iuaLioiis, excepting in the case of 



'vhere 1 have considered that when <j6 is very small, any inaccuracy in r is much exaggerated in <f > ; 
and r preferred deducing fi^om the measured length of a and of a perpendicular to it, and from ^ 
deducing r, by transfoiming the above equation into 


a5 

\/ ^ {a~ — b^) cos. * 


and after duo consideration, I obtained the following as the elements of the Eeal Ellipse; 


Major semi-uxis 
Position of do, 

Excentricity 
Position of node 

Inclination to plane of projection 
Distance of poiihelion from node 
Epoch of peiihelion 
Periodic time 


a = 4"-226 
TT = 322“ 11' 
e = *88779 
a z= 35“ S7'*5 
y = 87“ 20' 

\ = 281“ 42' 
r = A.D. 1886*5 
P = 177*7 years 


Inasmuch as and X both appeared to be liable to some uncertainty, I derived the length of 
a by projection graphically from the apparent ellipse, thus satisfying myself that a and 7 were, at 
any rate, compatible. But in consequence of thm uncertainty, I think it would be more convenient, 
in gciieral comparisons of various orbits of the same star, to have regard only to those elements 
whi(ih, whilsL they involve all the indefinite conditions, are themselves definite; to wit, the elements 
ol’the a])parent ellipse, together with the excentricity and position of the major axis of the real one, 
and also tluj epoch of the perihelion and the period. In a word: if our ellipse is to be considered 
valid, either the date of the perihelion must be consequent on that of the different sectors (which we 
g(a from the observations belonging to them), or if we take the date of the perihelion from its own 
observations the dates of the sectors must be consequent on it: for the drawing of the ellipse repre- 
8(mts j)ro])ortional areas in given times much more closely than do the observations. Now as to 
dating the sectors from the date of the observed perihelion, I find that it throws tliem all wrong 
(when compared with tlie observations) in one direction; I am therefore justified in giving them 
(thi! unaiiiiiious majority) the preference, and dating the perihelion according to its distance of area 
from them. Then the question arises, from which sectors exactly am I to commence reckoning the 
areas and times; for, beginning with any one and adding to it the areas (or times) due to the others, 
most of the others will be slightly altered. I took a sort of mean amongst them in calculating the 
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From this apparent ellipse I obtained the elements of the real one, using all Sir J. Hersohers 
equations, excepting in the case of 

* A o. / 

cos. <p=- y -j Tgj 


'vnere I have considered that when 0 is very small, any inaccuracy in ?• is much exaggerated in <f > ; 
and I preferred deducing <f) from the measured length of a and of a perpendicular to it, and from 
deducing r, by transforming the above equation into 

ah 
r — 

y' cos. 2^ ’ 

and after due consideration, I obtained the following as the elements of the Eeal Ellipse ; 

Major semi-axis a = 4"-226 

Position of do. z= 822° 11' 

Excentricity zz *88779 

Position of node . . . . “ 85° 87'*5 

Inclination to plane of projection . . y = 37° 20' 

Distance of perihelion from node . . \ s: 281“ 42' 

Epoch of perihelion = A.D. 1836*5 

Periodic time P n 177*7 years 

Inasmucli as XI and \ both appeared to be liable to some uncertainty, I derived the length of 
a by projection grapliictdly from the apparent ellipse, thus satislying myself that a and 7 were, at 
any rate, compatible. But in consequence of this uncertainty, I think it would bo more convenient, 
in general comparisons of various orbits of the same star, to have regard only to those elements 
which, whilst they involve all the indefinite conditions, are themselves definite; to wit, the elements 
of tlie apparent ellipse, together with the excentricity and position of the major axis of the real one, 
and also the epoch of tlic perihelion and the period. In a word: if our ellipse is to be considered 
valid, either the date of the perihelion must be consequent on that of the difiercut sectors (which we 
got from the observations belonging to them), or if we take the date of the perilielion from its own 
obsci'vations the dates of the sectors must be consequent on it: for the drawing of the ellipse repre- 
sents proportional areas in given times much more closely than do the observations. Now as to 
dating the sectors from the date of the observed perihelion, I find that it throws them all wrong 
(when compared with tlie observations) in one direction; I am therefore justified in giving them 
(the unanimous majority) the preference, and dating the perihelion according to its distance of area 
from them. Then the question arises, from which sectors exactiy am I to commence reckoning the 
areas and times ; for, beginning with any one and adding to it the areas (or times) due to the others, 
most of the others will be slightly altered. I took a sort of mean amongst them in calculating the 
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whole time ; but wlien, in comparing my orbit with the general series of observations, 1 formed a 
far larger number of sectors at more frequent intervals of time, I formd that my mean amongst 
the times did not fairly represent the mean amongst those observed, and that it would do no better by 
making them all O'l year later; in fact I arranged the starting point of my time by noticing the 
whole range of observations instead of what I had used in the earlier part of tlie process, a limited 
selected number of them : and if the date be altered in any one part of the ellipse it must be so all 
round, or the virtue of the principle of “ the times being proportionate to the areas” would bo lost. 

The following is a Table of Positions and Distances from the above ellipse due to various dates ; or 
rather of the dates due to various positions and distances, obtained by woigliing, for comparison 
with the past and with future observations. 


Epooh. 

A.D. 

Foaition, 

0 

Dintaoco. 

tl 

Epoch. 

A.D. 

Position. 

0 

Distanoo. 

// 

1722*88 

150*2 

6*142 

1852*60 

175*0 

8*341 

1781*20 

131*0 

6*647 

1854*57 

172*8 

3*577 

1802*90 

120*5 

4*495 

1867*86 

170*3 

3*859 

1818*92 

106*6 

3*158 







PREDICTIONS. 


1822*72 

101*2 

2*743 




1824*80 

97*4 

2*494 

1861*65 

167*0 

4*276 

1827*73 

90*0 

2*082 

1864*92 

165*0 

4*518 

1880*10 

82*0 

1*722 

1867*34 

168*5 

4*708 

1833*00 

66*5 

1*224 

1870*35 

162*0 

4*894 

1830*14 

356*0 

•424 

1874*44 

160*0 

6*153 

1888*04 

231*0 

*763 

1879*00 

158*0 

6*365 

1839*70 

210*0 

1*200 

1884*27 

166*0 

5*600 

1843*24 . 

191*7 

1*998 

1889*90 

154*0 

6*812 

1846*65 

188*6 

2*541 

1895*76 

152*0 

6*001 

1849*55 

178*7 

2*966 

1900*58 

150*2 

6*142 
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No. V. 

(Referred to at page 369 .J 

A. FAREWELL TO THE DOUBLE STAR 7 VIEGINIS. 
AT THE EPOCH OF 1858 . 


“ iWc r/n/ Atj cattoat/y a^/et ^/e tooiAj .^1 arnr. 

7nn//if)/tLJ Acj tnic^j en/o ” 

J< >HNSON. 


I. 

Htiil glorious Pair — ineffably remote — 

Your liglits not borrowed, but inberent sbine; 
Your mystic orbs in subtile etber float, 

And prove to Man your origin divine : 

Pure double-star — bright telescopic view — 

Two aims, a central point gyrating round; 

A system binary, with orbit true. 

Its fonn elliptic, by a period bound: 

Pcrliaps a train of phinets decks each sphere. 

In endless round tluoughout your vast career? 


II. 


Such is the work of that Geeat En 8, of whom 
Man’s aspiration forms no notion clear, — 

Wlio holds of countless worlds the awftd doom — 
So grand — so vast — it quails the mind with fear: 
Sulilimc is He, whom no conceptions grasp. 

Much less exalt, or amplify in word : 

Avaunt, yc blind tliat lain his rule would clasp. 
And all his greatness to our globelet gird, 
Materializers who — in thought perverse — 

Rashly would circumscribe the Universe. 
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III. 

Yes 1 there are those who, by inycrting powers, 
Measure celestial realms by our moan clod. 
Pronouncing bodies of like weight with ours 
As needful to the other works of God; 
Earnest to show that phj^cal conditions. 

Such as exist on the terraqueous ball, 

Must form the system, or exact munitions, 

Of intellectual life throughout them all : 

This at the threshold is a grievous stumble. 

And ought to make the pride of reason humble. 


IV. 

See upon Earth what marvels meet our gaze — 
The human black, the rod man, and the fair- 
The elephant, the whale, the ant, the rays. 

The condors, and the midges in the air 1 
' The eagle wings his Eight ’mong solar beams. 
And nictitating meets the hood of light, 

His visual focus through the medium gleams 
On every distance which encounters sight — 
Contrast with this the groping mole, purblind, 
The duck-bill’d platypus, and the lemur kind. 


V. 

The trunk-mouth’d, suction-footed, squomoso Ey, 
By many deem’d so low in Nature’s scale. 

Doth microscopic lens to sight apply — 

As the papilio — but unlike the snail. 

The promatomuB— fish both strange and rare — 
Doom’d to th’ abysses of the deepest deep, 

Has eyes enormous, and contriv’d with care. 

The glimmering particles of light to reap. 

In all of these what vast design is shown. 

For life’s existence throughout every zone ! 
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VI. 

Then mark their habits, see their varied food — 
Their sustentation on each local spot, 

In vales, on hills, in sands, on rocks, in flood — 
Wherever Providence has fix’d their lot. 

Not only these, but myriads beside 

Of birds, and beasts, and fishes that migrate, 

As well huge mammals in their strength and pride, 
As infusorian atoms, oculate — 

So small yet perfect, tliat with skilful hand. 

We make twice- twenty on a needle stand. 


VII. 

Study the passions of Creation’s tribes. 

Observe where instinct doth tow’rds reason draw, 
See the affections which each class imbibes, 

And note their wiles and strategy in war: 

Men who con view unmoved those wise displays, 

Or see the seasons change without a thought, 

Can ne’er their minds to rightful standard raise — 
Their Gloria in Excolsis is as nought; 

And should the Atheist ever boast such pass, 

’Mong flocks and cattle let him graze the grass. 


VIIL 

Here is a glimpse of the mysterious Power 
Which fashions all their destin’d path to run. 
To live for ages, or exist an hour. 

To dwell in darkness, or to brave the sun; 
E’en in ephemera purpos’d schemes are seen : 

Perfection boundless, makes the mind expand. 
Yet th’ overwise by force would intervene. 

And look the wheels of progress to a stand. 
Not the first time dogmatic Dons have sought 
To paralyse intelligence and thought. 
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IX. 


Tliose recreant Seers once quasli’d Oopemik’s laws, 
At Gtilileo’s grand cliscoYcries sneer’d; 

And Newton’s revelation of the cause 

Of movements systematic, basely fear’d — 

A dogma which, they said, just doctrine spum’d. 
Since Nature’s secrets ne’er should be unfurl’d : 
They broke St. Virgil, and poor Bruno bum’d. 
For starting antipods, and world on world. 

E’en now dark threats, albeit in tone suppress’d, 
Prove, though the spirit’s scotch’d, ’tis not at rest. 


X. 

Some wretched saws, by bloated igu’rance flung, 

The charge of blunder to large views apply; 

‘ If ’tis a blunder, ’tis an error sprung 
From noble root — high thought of the Most Hiou 
These addle-headed churls, had they a chimco, 

Would from the human soiin at once clTaco 
The wond’rous art aifording us a glance 
Of the CREATOR and the creaturo^s place, 

And in the void restore that dark’ning gloss, 

Which holds — ‘ Qujn supra nos, nihil ad nos.’ 


XI. 

Vain men: to deem this speck the only core 
Of wise Omnipotence. Planets around 
May also in his endless goodness share — 

In many forms of sentient life abound. 

Such is, at least, a rational belief. 

And observation gives it valid force — 

Such to examine is a step in chief 
To raise our worship to its highest source : 
For glowing intellect can ne’er be found 
' Better employ’d, than in this course profound. 
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XII. 

One sturdy dolt tHe telescope decries, 

One secs the sun no bigger than a cheese, 

One deems it wicked to aid natural eyes. 

And all stand fortli an ignorant horde to please. 
’Tis said by Bacon that we — cannot fly 
Upon the Senses’ gaudy waxen wings 
To gain the secrets of the Deity ’ — 

Yet sucli the rant with which the welkin rings : 
Dare they deny that the Almighty’s hand 
‘ Could form a world from ev’ry grain of sand ’ ? 


XIII. 

E’en leam’d Ignotus, ’midst such scenes as those. 
Devoutly bent to tamo the waywaj'd mind. 
Jests about ‘ potters’ wliocls,’ and ‘fishes’ roes,’ 
And ‘ lumps of light ’ instead of stars can find; 
In the dim nebuke ‘ whiffs of smoko ’ he’ll see. 
The distant orb is but our system’s ‘ spark,’ 
Wliile planetary globes of small degree 

Are ‘ bits ’ which bungled manufacture mark ! 
Ah, when a mortal second agents plies. 

How quick the Majesty of Causes flies. 


XIV. 

Such fallacies wild Quid-nunos love to chose, 
Although no evidence by them is brought; 
While circumstance, and our own system’s case, 
Support suggestions rear’d by forceful thought. 
For, from analogy, can Demus doubt 
That on its axis rotates every sphere — 

Or hold that other planets roll without 
The gaseous envelope called atmosphere? 

They show their years and seasons to our gaze, 
With the allotment of their nights and days. 

3 N 
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XV. 


All tliifl with, sacred lore doth, coincide — 

Religion’s cogent word ne’er swerves from truth — 
The Royal Psalmist hints of worlds beside 

The one on which he pass’d his age and youth; 
Science agrees, whichever way we look, 

With reason, and with revdation too. 

Nor is there an esprcssion in the Book 
To militate against the plural view ; 

Then why should school-men lead weak minds aloof 
By crahb’d assertions, sans a single proof? 


XVI. 

The Bible ^ritual matters treats, 

And to the thinking being comfort brings; 

It rarely dwells on physiccd — or meets 
The querist’s doubt upon material things; 

But that the heavens with countless orbs are strewn. 
In complicated yet arrang’d position. 

Marking God’s finger, to our view is shewn — 
Though little of their nature or condition : 
Jehovah there — ^ia type distinct and terse — 

Sets forth the Great Book of the Universe. 


XVII. 

Bright emanations of maturest care 

Have roused to anger the contracted mind — 
Others disparagement of science swear, 

Tow’rds wealth and power an easy road to find; 
Intelligence Stjpbeme they mystify. 

In fierce though unsubstantial argument; 

To serve such purpose see the ready he, 

Working in evil way, however meant: 

Some have been forc’d to eat thmr words untrue. 
And sorry food they ever found them too. 
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XVIIL 

Fear not, Phil-astcrs, suck control as tliis, 

Yours is a step towards a good conclusion, 

At all events it speaks tliat mental bliss 

Wliicb scorns to think the Logos works confusion. 
Nor have the Pundits ‘ had you on the hip,’ 

Albeit they trumpet loudly in defiance; 

Keep your course steady like a goodly ship, 

And on Analogy place firm reliance; 

Your theory of cosmical economy 

Rest on Induction, source of true astronomy. 


XIX. 

0 Vu’gm’s gem — meet for astrolatry — 

Gamma, the true of the sky; 

0 glowing orbs, whose mystic ways to see, 

Full thirty years have occupied mine eye. 

Your long ellipse, in intcrvolvcd maze. 

Yet under orderly harmonious motion, 

Bade, while unfolding to my ardent gaze, 

My thoughts to palpitate witli strong devotion : 
My soul seem’d bounding from its mundane clod. 
To peer, ‘ through Nature, up to Nature’s God.’ 


XX. 

But e’en while struggling in oui’ mortal coil, 
Unboimdcd mercy through the whole appears, 
Thus to permit of Hcav’n a glimpse the while, 
And mark a guerdon for our hopes and fears. 
By contrast then, how poor all worldly strife, 

The Politician — the ambitious Fool — 

The Courtier wedded to a spurious life — 

The toiling drudge for riches. Fortune’s tool; 
Still poorer they whose days — a nura’rous caste — 
In idle sensuality are pass’d. 

3 N 2 
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XXL 

To those "wlio 'with me watch’d yon glorious track, 
I owe the strengthen’d purpose of my mind; 
Herschel, with zeal, did my exertions back, 

Thus acted Airy, Wrottesley, Adams, Hind; 
All these sustainers claim my warmest praise — 

So worthy Johnson, and Mend Fletcher too: 
For every aid my grateful thanks I raise. 

Since I must bid you, heayenly paib, adieu ! 
And further steps your orbit-course to gain, 

I leave to Dawes, to Pogson, and to Main. 


XXIL 

For now at seventy years — ‘ threescore and ten ’ — 
I cease my nightly ■vigils in your cause, 
Kejoioed t’havo plac’d before the eyes of men 
My mite to fix the knowledge of your laws : 
And while we prove that in those realms oJat 
M ysterious GRAVITATION holds its sway, 

While man with optic pow’r can scan each star 
And find! their sev’ral data day by day — 

Well may we coho what the Poet said, 

‘ An ijndevout Astronomer is mad I ’ 


St. JoJiris Lodge, mar Aylesbury. 
19__VI— 1868. 


W. H. S. 
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EXTRACT FROM ADMIRAL SMYTH’S ADDRESS TO THE ROYAL 
GEOGRAPHICAL SOCIETY. 

{Referred to at page 397.) 

“ Tlio papers read at these meetings were communicated by Fellows and zealous travellers from 
nil parts of tlio globe ; and, as they consequently relate to its various and particular quarters, I 
shall take the liberty of citing some of them in connection with those parts in detail. I will therefore 
at present only express how greatly wo have boon indebted to the contributors of such documents 
for the information given, as wcU as to those gentlemen who favoured us with the results of tlioir 
actual knowledge — derived either horn experience or well-diroctod inquiry — ^in the interesting 
discussions which followed the several readings. These evenings have indeed greatly gratified me, 
in the obvious proof they have afforded of our possessing steady Mends who take a permanent 
concern in the adviincement of the objects, and in the continued prosperity, of the Society. 

“ Those communications whidi relate to the important consideration of the instruments essen- 
tially requisite for scientific travellers arc of paramount interest to a Society of Geographers : and 
in tliis light wo may class two which wore received in the past year; since, however open to prac- 
tical objections, they arc very likely to load to usofiil investigation, and consequent valuable results 
in the instrumental means of measuring the heights of mountains. This has been eficctcd with 
great exactitude by means of tire simple yet powerful Torricellian Tube; and the only objection 
ever yet made to its use has been its difiSiculty of transport among abrupt heights.* In probing the 
revealments of science, it is advantageous, for general argument, to assume certain conditions as 
being undeniably, if not absolutely, true. Now the mean gravitation exerted upon the surface of the 
earth by the atmosphere, as indicated by the barometer, equals a column of mercury 30 inches 
high; that is, the column of air pressing upon the open end of a bent tube filled witli quicksilver, 
exactly balances that quantity which represents a compression of 15 lbs. upon every square inch of 
surface. Here then is a natural scale for ascertaining the pressure; which pressure is a compound 
of the weight of the gaseous envelope and tlio clastic force of the aqueous vapour contained in it. 
Various contrivances have been from time to time suggested for determining terrestrial altituilcs, 
but no faith f’-nri be reposed in any other method except the expensive ones of triangulation and 
levelling. My own recorded trial of ascertaining the height of Mount Etna in 1814, by moans 
of boiling water and a very sensitive thermometer, was but an experiment. 


* This difficulty I conaider to be considcrnbly exaggerated, is stated io my “ Hints to Travellers," published 
in the XXIVth volume of the Journal of the lloyol Geograi hical Society, page 336. In general, when ascending 
mountains during my Mediterranean Survey, the barometer was placed — well slung, and with its upper end 
down— on the back of a steady and careful seaman of my boat’s crew. 
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“The first of the conununioations alluded to was entitled, ‘Tloinavks on (ho Um o( tin 
Aneroid Barometer,’ hy Colonel Yorke, late of the Scotch Fusilier (luards, and now your 
Honorary Secretary; who, during a journey upon the Continent last BUimiuir, gave that mslniniont 
a very fair comparison with an ordinary barometer under dilTcront circumHtaun'H iind ul ilill'cn'nt 
heights, the whole of which he has placed before the Society in a tabulated lonn. b roin tbo loj-ulf 
of these operations, Colonel Yorke is led to conclude that this instriunout may bo uwd satisbh'loril v 
when sudden changes of atmospheric pressure are desired to bo shown; also to (loLorniino dilll'itnn'OH 
of level, when it can be compared before and after tire observations, and within Jd lit nil’s, with ii 
good ordinary fixed barometer. The Aneroid should, previously to I icing used, ho carolully Iriotl 
with the barometer, at low pressures under an air-pump; and wlieu in usi*, should alwuvs l*o 
observed in the same position. 

“ The second paper on the subject was jxora Dr. Buist, of Boinhay, h.K.S. I his gonlloiuun 
has entered fully into the construction and use of the Aneroid BaromoU'i’, and I'liroliilly ooinjtiii'oil it 
both with the Torricellian Tube and the Mountain Sympiosoinctcr. Among otlioi’ rotnnrkH on tin* 
Aneroid’s performance. Dr. Buist says, in summing up, ‘ Should Mr. Atlio’s snrmiso jiro\'o (’orroct, 
and the Aneroid at pressures under 28 inches cease, as at present out, to hiinnoni’/.i* with (ho 
barometer, it would be well, with an instrument so compact and couvcnicnl;, to sco whrlhor n 
series of Aneroids could not be so made as to serve in succession (or any ordiniiry olcviilion; or 
whether the portions of the scale lower than those on the common Aneroid might not !»• no idl«*i’«>d 
as to afford the correct pressure. One instrument might servo for the first 2001) Ihi'l, a si'i'onil wlnm 
only marked up to 28 inohes might carry us 2000 feet higher, and so on. The miiKer might he 
very easily determined under the receiver of an air-pump, without aetiiiil iiHceut, lhi‘ Imromctrii* 
gauge with a good scale answering as well as the haroineter itself.’ 

“ Now it must be remembered, that after tlie first introduction of this iiiisuoiiH'rcd* iuslriuiumt 
at the Swansea Meeting of the British Association, in 1848, it was so succiwfully iuIvoi’IIm-iI uh ti 
perfect means both for meteorological obsurvations and for obtaining diUcrcuccH oflcvil, that imiuy 
travellers, captivated by its ingenuity of principle and handiness of structuro, logelhor with its jatr- 
tability and &cility of observing, were induced at once to substitute it for the mercurial hiirouu-ler. 


On an examination of the instrument, however, it struck me tlrat theHc aasumptloiiH were loo husly; 
for, notwithstanding its being so beautifully compact, and its capability for nhowiiig average dilll- 
rences, I could not but consider its complexity as an obstacle where a ti-avdlcr could (il)lain neither 
workmen nor comparison, so that injury would be irreparable, and eixors might remiiiu without de- 
tection. A trial which was made with a Iriond, Mr. Artliur Kelt Barclay, oji Leith Hill in Surrey, 
which is 993 feet inheight, was sat^factory; hut then, we had a standard huromotcr to reliT to, ho(h 
before and after the operation. Further inquiry showed me tliat ulterior improvement is wanting 
before the Aneroid can he trusted otherwise than as a journeyman to the Tomee.lliuu 'fulie, in (he 
manner of a joh-watch to a box-chronometer. But still, if it will only servo for heights of JJOOO 


• I said misuomered, because if M. Nidi, the inventor, derived it from A—vnpbc—tiooij.io Hignlly a form wltliout 
fluid, it docs not explain what the instrument is ; nor is the better translation very much more ucccptiiblc, wlilcli 
renders it — perceivable without moisture. 
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foot, its use as a travelling instrument is very limited indeed ; and wo liavo just seen tlic adjustment lur 
fresh, starts proposed by Doctor Buist. When the atmosphere becomes more rarifiod than the gas con- 
tained in the cylinder, its corrugated surface dilates to its full extent, and ceases to (sxcrciso any 
influence upon the levers and index of the dial plate; so that the latter is liable to become stationoiy 
at an elevation of between 3000 and 4000 feet. Hence the indications are very anomalous in 
extreme cases, tlie very ones in which a traveller would have most need to use it, namely, in 
measuring mountains, not hills. Other objections may apply to the moveable index and th(‘. 
pcrisliablo materials used within the case, while the scale is nothing fixed in nature, and can novel 
bo treated per se nor can cither the zero point of the scale, nor oven the value of it, remain 
constant. 

“ I therefore consider it a duty to remind you, that as the machine depends altogether on the 
accuracy of the experimental trials of the workmen, which you have no hold over, no Aneroid ob- 
servations con be absolutely depended on, and therefore ought not to bo used for any scientific ]nn’posi‘, 
unless the particular instrument has been tested by comparison with a barometer at three difierent 
and distant parts of the scale, before and after the observations.” 


NO. VII. 

ON CERTAIN LOCAL GEOGRAPHICAL CO-ORDINATES. 


{Seepages 173-175.) 


Before closing thifi volume, it may be as well to say a word or two respecting certain tojx)- 
graphicol conditions of the immediate vicinity, ®mce they arc useful to some, and iiitm’esLing to 
others. Before coming to what arc strictly termed stationary points, it should be stati'il that (lie 
culminating knolls around attain a height of nearly 500 feet above the German Ocean; but, as tliis 
is grounded rather upon estimation (f han standard comparison, the absolute altitude cannot be 
considered as yet ascertained. The floor of the Market Clock-house at Aylesbury is assortod to be 
298 feet above the high-water mark at London Bridge. I know not tlie authority tm which tills 
statement is advanced, but the inquirer for the datum point will find — on referring to tlie Philoso- 
phical Transactions for 1837, page 440 — that London Bridge is exactly 1()'7544 (or lO-iJ) feet 
higher than the mean level of the sea. 

Those patient readers who have waded thus far with us may remember that, in arranging tri- 
gonometrically the position of Hartwell Observatory from the Ordnance station of Aylesbury Church 
(page 175), I mentioned the rumour which had obtained of General Roy’s data requiring further 
correction. Since that whisper was printed, I applied to the fountain-head for accurate inibnnation 
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on the subject, and have, by the kindness of Colonel Henry James, of the Uoyul 
favoured with the following tested determinations : 


lOngiiuvrH, been 


Objeot. 

Aylesbury church spire . . • • 

Stone church tower .... 
Dinton church tower . . . • 

EUeaborough church tower 

The ground at EUesboroi^h church tower 
Combe HUl, due east of EUeaborough . 


Latitude N. 

61“ 49' 02"'70 
61“ 48' 10"-53 
61“ 47' 33"-20 
61“ 45' 09"-15 


Longitudo W. 

0“ 48' 51"‘91 
0“ 61' 4n"*y5 
0“ 53' 17"- (50 
0“ 47' 17"*il7 


449'65 feet in height. 
811-51 


under which correction our former conclusion as to the relative station of tlu< Iliirtwc.ll IIoiiw 
Observatory must now stand as being in 

Latitude, 51“ 48' 16"-28 N. Longitude, 0“ 60' 41"-22 W. 

This agrees very fair ly with scientific inferences derived fi-oin obHervation; titul, iigrcciibly to 
a projection drawn upon graduated paper by inspection, the position of the centre of my n'si(li‘iu-e, 
St. John’s Lodge, ought to he about 

Latitude, 61“ 47' 39"-30 N. Longitude, 0“ 51' 19"-80 W. 

Such were the normal conditions of the case arrived at by Colonel Janios’s eomimini(iiiU<tn ; 
and, as they were quite equal to all posable requirements for local pmpoH(!H, I was lying pretty 
contentedly on my oars. But my son-in-law, Captain Henry Toynbee, well known in the luiutienl 
world for his zeal in advocating the practicability of obtaining sco-ralos for clirononieters by ineiin.s 
of O and D and * D * , arrived here from a voyage to Madras, on a visit of HunUmiUt dunition 
to admit of an nsefiil expenditure of time. Being very desirous on professional bearings to useorlaiu 
— by direct experiment — ^how close to truth lunar distances taken on shore would iipproxiniute to 
standard points, he undertook to try the problem with a sextant and an artificial horizon. 'Fho 
results which he thus ohtairied were compared for verification willi some tlujodolito angles sub- 
tended firom a carefuUy measured base-line of 300 feot, iu an adjacent field to the westwanl, and 
then carried to the station of the Ordnance Survey, or grand triangulation of the kingdom. 'I’lui 
foUowing is his report to me of the consequent results, and is dated 17th December, 18G9 ; — 

At your request I have drawn up the following results of my observations with the scxtiuit on Hhori-, 
and have also trigonometrically connected them with Stone Church and the Vicarage, tht^reby ctimpiiring 
my position of St. John’s Lodge with the Trigonometrical Survey. These are tlie steps tak<!n — 


Latiiudhs of Sx. John’s Lodqb. 


Her. Alts, of the 


By 

Oct. 1869 

II ®th, ,, 

Nov. 24:th, ,, 
Deo. 7th, „ 


61“ 47' 40" N. 
61“ 47' 47"-8 
61“ 47' 86" 

61“ 47' 46"’9 

4) 190 48-2 


By Alts, of iKs. 

Oot. 6th. By meridian alt. of Marottb. 61“ 47' N. 

„ 17th. By moan of 6 alts, of Polar ;|c 61“ 48' lt)"-4 

Dec. 10th. By moridion alt. of Marcab. 61" 47' 8" 

„ By moan of 6 olts. of Polar 61" 48' 16" 

4) 1110 61-fl 


Mean of 4 Ob. 61 47 42-1 N. 


Mean of 4 a. , 


. 61 47 42-11 N. 
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No obserralions boon rejeoted: these eight are the only sights I hare taken for the laUtade up to 
the present time, and the resnlts require a few remarks. The ssrtsnt used is agood onebyOary; the 
agreement in the © latdtndes may be aooounted for by the same screens bcmg used to hnd the md«-en 
of the sextant ss were used in measuring the altitudes of the sun, whereas no screens wme used when 
taking the altitudes of stars; therefore the index-errcr found with seieens is not appbcable to observat 

taken when no screens are used. i „ 

I did apply the index-error found with screens to the star altitudes, and t e e lc was o ma 

angle measured 1' 10" more than truth; but it was annihilated by picking stars on opposite sides of the 
This supports the opinion I haye long maintained, that each screen affects the angle measiuod 
differently. Marcab’s alts, give nearly the same latitude on both nights, as do the Nortli Stm-s; and eil 

mean agrees well with the 0 . . t • r a u,. 

When no screens, or very Ught ones, are used, the index-error of the sextant, in this stots, may b 

found by bringing the direct and reflected images of a star to overlap. i i i 

Regarding the longitude, I shall now proceed to give the results of my lunar observations at St. John s 

Lodge ; which are expressed in difibrenoes of time : — 


0 E, 5 


m b 


Oot. 2lBt, 1869 

1 67-8 West, 

M f) If 

2 00-6 „ 

„ 22nd, „ 

1 67-7 „ 

91 n n 

1 66-3 „ 


4)7 1-4 

Moan of © E. ]) 

1 67 '9 West. 


* E. 3) 


m 8 


Nov. 30th, 1869 

1 43'9 West. 

II If If 

1 39-7 

Deo 1st, „ 

1 31-8 

9l II fl 

1 47-6 

Deo. Srd, „ 

,1 II II 

1 37-0 

1 26-0 

6)9 44.7 

Mean of E. D 

1 37-6 West. 


Nov. 28th, 1869 

Jt SI SI 

Mean of © W. }) 


Deo. 3rd, 1869 

tv » >V 

Deo. 8th. „ 

ff $i M 

Mean of j|e W. S 


© W. 3) 

m ■ 

3 61-6 West. 
8 41-6 

2)7 33*1 

3 46-C Wont. 


^ W. 3) 

m H 

7 17-0 AVcat. 

7 13-3 
6 46-2 
6 19-3 

4)20 35-8 

6 39 West. 


From the above I derive the following general mean: — 


m s 


Mean of © E. J 
Mean of 0 "W. )) . 
Mean of E. ]) . 
Mean of W. li . 


Longitude of St. John’s Lodge by the mean of © 


1 67-9 W. 

8 46'C W. 

1 37-6 W. 

0 39 W. 

4)14 01-0 W. 

and 3 (c, E. and W. of ]) 3 80-3 W. 


Hence I have the following position for St. John’s Lodge:— 61° 47' 42"-6 N.,0° 52' UO" W. 

3 o 
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Accompanying this ia a projection of the base-line and angles measured at your BUgg<‘nli()ii, 
I experienced the admirable facility and utility of the theodolite. To make my endeavour more 
the following positions of St. John’s Lodge, and its relative differences of level, are given: — 


by which 
coiniilolc. 


Latitude. LoiiKltuili-.. 

By trigonometnoal reduction 61“ 47' 39"’30 N. 0“ Cl' U)"*H \V. 

By my obeervationa with the sejLtant .... 61“ 47' 42"-6 0“ f>2' 3(1" W. 

The lower part of the weatherooch of Stone Ohnrch ia 72ft. 5in. highei' than the chimney of St. John 'a Loilgo. 
The chimney of the Vicarage is 44fL higher than the chimney of St. John’s Lodge. 

The weathercock of Dinton Church ia 3dft. 6in. higher than the chimney of St. John’s Lodge. 


It must be said in conclusion, that the above individual “ lunars ” are not so satiafuctory a.s tliuHc 'wliicli I 
have taken at sea, and I am therefore led to think that lunars give more correct results when taken in 
variable lower latitudes than in a fixed high latitude during the ■winter. This remark is most applicable lo 
sun lunars; but the steady agreement between the single limars on one side of the moon show wlmt eorrt'ct. 
rates to chronometers may he obtained after the lapse of a month: and the mean of all the lunars taken (for 
not one has been rejected) agrees to a mile -with the true longitude. 
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Aciiciii, tliipci, sc'.iiaitivuucsB of, 36 
Adams, J. C., on tlic cclipsci of 1858, 38 
. . — — oil y Virginie, 364 

_ — diHcovurs Neptune, 418 

AddrosH to tlie Royal Geographical Society, 4G1 
Adiuiralty, the, declines steam, 112 
Agesianax, on hinar s])nta, 25 
Airy, G. B., on the cclipso of Thales, 5 
----- - on the Free Eovolver, 17 

— on fiohiT eclipses, 34 
— . -- on the eclipse of 1858, 38 

— on the l-i’opioal year, 51 

on y Cor. Borealis, 263 

on 36 Ophiuchi, 276 

— _ . Ids account of Neptune, 409 

on Barlow’s object-glass, 432 

Akehurst, Mr., traces a meridian-line, 174 
Alhowreali, n(!ai’ Tunis, 5 
Aljdionsus VI., shoots at a comet, 372 
All-azimuth instrument, recommended, 170 
Anajrioan iiuithod (?), the, for transits, 141 
Andromeda! 36, motion ol, 219 
Androinodo) y, binarity of, 222 

Sir W. K. Murray on, 223 

Anemometer, improvements in the, 396 
Aneroid Barometer, considei'ed, 397 

its defects, 462 

why so called, 462 

Antarcs, Jw seen from Teneriffe, 273 

duplicity of, 272 

Antinoi, 2(1, P. XX„ lixily of, 293 
A<[uarii 29, motioji of, 297 

. eoloiu's of, 298 

Captain Jacob on, 298 


Aquarii 29, Lord Wrottesley on, 298 
Aquarii 69, P. XXIII. motion of, 300 
Aquarii discordances of, 298 

AquUm a, not variable, 288 

companions of, 288 

Arago, M. on the Earth’s crust, 50 

on variable stars, 105 

on ji Persei, 826 

his Popular Astronomy, 115 

Argelander on variable stars, 103 

on e Lyrse, 286 

Argus jj, a variable star, 108 

Lieut. GiUiss on, 109 

Professor C. P. Smyth on, 109 

Sir J. Herschel on, 110 

Arietis y, proper motion of, 221 
Arietis e, orbit of, -225 
Arthur, King, typifies Ursa Major, 250 
Artist, meaning of the term, 119 
Artists, should colour from nature, 332 
Asteroids, the, lately discovered, 62 

mass of, 65 

distances of, 65 

— — paths of, 66 

force of gravity on, 66 

names of, 67 

divided amongst observers, 67 

— - — appearance of, 68 

— N. Pogson on, 68 

— their discovery, 69 

historical table of, 70 

elements of orbits of, 71 

discovery of, 407 

Astraja, discovered by Hencke, 63 

3 o 2 
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Astronomical Dictionary, 209 
Astronomical Society, its medal, 427 

Memoirs of, referred to, 448 

Astronomy, Chinese, 2 

elevating influence of, 402 

Popular, by M. Arago, 115 

Aurigas 14, fixity of, 229 
Aurigee 26, fixity of, 231 

measured by Lord Wrottcslcy, 231 

Aylesbury clock-house, its height 403 

Baily, F., on the eclipse of Thales, 5 
Baily’s beads, seen in 1820, 34 
Barclay, A. K., on y Vu’ginis, 858 
Barentsz, meteoric phenomenon, 391 
Barlow, Professor, his fluid object-glass, 158 

Eeport on his object-glass, 481 

suited for stars, 438 

compared with a refractor, 438 

— aflected by temperature, 438 

Barometer, Aneroid, considered, 397 

defects, 462 

Barometer, mercurial, value of, 401 
Baxendell, Mr., on variable stars, 105 
Beaufoy, Colonel, his journeyman-clock, 158 
Bedford Catalogue, re-examined, 801 
Bedford Observatory, 120 
Bedford Telescope, transferred to Hartwell, 153 

mounting of, 153 

Bessel, Professor, on Satimn, 75 

on binary systems, 238 

on 61 Cygni, 290 

on a new planet, 411 

Betelgeuze, a variable star, 104 
Bevan, Mr., his death, 131 
Biela’s Comet, discovered by Gambart, 96 
Binary Comet, Professor Chnllis on, 97 
Binary System, Bessel on, 238 
Bishop, G., his observatory, 64 

his telescope, 154 

Blair, E., his fluid object-glass, 159 
Blindness-colour, 383 
Bode’s empirical law, 406 
Bond, W. C., discovers a satellite, 82 


Bond, W. C., elected an A.E.A.S., S3 
Bond, G. P.j jihotographs Mizar, 240 

on stellar photography, 285 

on Baturn’s ring, 77 

on Neptune, 431 

Bootis a, proper motion of, 265 

variability of, 266 

covered by Donati’s Comet, 256 

Bootis steadinoss of, 257 

variability of, 258 

Bootis e, fixity of, 268 

singleness of, 258 

Bootis 39, motion of, 259 

colours of, 259 

Bootis motion of, 259 

colours of, 259 

Bootis 44, biuarity of, 260 

colours of, 2 GO 

Bootis ju2, motion of, 261 

J. E. Hind on, 261 

elements of, 261 

Borron, Mrs., on Neptune, 431 
Bouvard’s Tables of Uranus, 408 
Bradley, his observations of y Virgini.s, 353 
Brabmiuic diagram of the Planets, 412 
Brewster, Sir D., on coloured sUirs, 315 
British Association Catalogue, results i’rom, 283 
British Meteorological Society, 385 

Camelopardi e, motion of, 228 
Cumpani, G., telescope by, 124 
Cancri E., and S. variable stars, 104 
Cancri fixity of, 289 
Cancri ?, orbit of, 239 
Cancii motion of, 240 

colours of, 240 

Conis Maj. ju, Jinomalies of, 234 
Conis Maj. e, difiiculties with, 234 

Mr. Maclear on, 234 

Canis Min. a, variability of, 286 

Mr. Fletcher on, 237 

Mr. Dnwes on, 237 

Cannon-ball, slowness of a, 100 
Canum Venat. 12, fixity of, 248 
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Camiia Venat. 12, colours of, 248 
Cauum Venat. 51 M. Sir J. Herschel on, 250 

Mr. Morton on, 251 

Lord Rosse on, 253 

Canuni Venat. Preo. 3 M., elongation of, 255 
Carrington, Mr., on solar spots, 28 
CassiopesB a, variability doubted, 10 < 

distance of, 217 

lucida of, 217 

Cassiopefis t;, orbital velocity of, 218 
Oassiopese tr, fixity of, 301 
Casting of a polar-axis, 305 
Centauri a, a variable star, 109 

Mr. Hind on, 110 

distance of, 209 

Century, Day of, useful, 268 
Cepbei tt, fixity of, 300 
Cepbei /3, fixity of, 297 

colours of, 297 

Cerquero, Don Sancbez, bis life, 6 

Cervantes, on solar spots, 25 

Oeti 26, motion of, 219 

Ccti 42, angular motion of, 220 

Ceti y, fixity of, 224 

Cbacornac, M., on variable stars, 104 

- on missing stars, 238 

CbaUis, Professor, on Neptune, 417 

on Biela’s Comet, 96 

Cbevreul, M., on colours, 330 
Cbromatic personal equation, 333 
Chromatic scale, necessity of, 381 
Cbronomcters, rating of, by lunars, 464 
Cbronoscope, invented by Wheatstone, 143 
Church of England Quarterly Review, 344 
Circle, reflecting, by Troughton, 169 
Clarke, Alvan, discoveries of, 225 

on /X Herculis, 280 

Climate, changes in, 394 

Climate, Italian, unfavourable to astronomy, 46 
Clock observatory, described, 134 
Clock-rate, importance of a good, 138 
Clock, weights of a, 137 
Colour blindness, 388 
Coloured stars, their light, 815 


Coloured stars, differ in reflectors and refractors, 314 

list of, by Sestini and Smyth, 309-314 

list of, from Teneriffe, 315 

low ones to be eschewed, 327 

proportions of, 807 

require many observations, 327 

rules for observing, 327 

— variations in, 319 

to be watched, 326 

Colours, to be observed in the tropics, 334 

M. Cbevreul on, 830 

complementary, in stars, 318 

determination of, 328 

determination of, at Hartwell, 330 

different velocities of, 822 — 324 

difliculty of remembering, 331 

harmony of, 319 

■ importance of, 331 

mode of determining, 883 

nomenclature of, 318 

Mr. Hind on, 245 

of double-stars, 806 

of stars should be watched, 008 

— produced by the object-glass, 328 

standards of, 829 

undulations in, 319 

varying tints in, 331 

Comfetes, Bont des vents do I’espace, 374 
Comet, possibility of collision with, 95 

Biela’s, divides, 96 

must be watched, 98 

mystery of, 98 

binaiy, Prolessor ChaUis on, 97 

Douati’s, passes over Arcturus, 256 

description and figm’e, 93, 94 

Encke’s, described, 371 

of 1843, 93 

Halley’s, described, 89 

of 1811, view of, 92 

compared with Donati’s, 91 

of 1680, 91 

Comets of long period, 94, 87 6 
Comets of short period, 95,377 
light of, 37 6 
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Comets, light of, Mr. Pogson on, 257 

omens from, 372 

researches into, 373 

tails of, 380 

ComsB Berenicis 2, fixity of, 246 
ComsB Berenicis 35, to be Tvatched, 248 

colours of, 248 

ComfB Berenicis 42, singleness of, 249 
Compass, variation of, observed by Halley, 9 
Compound-free-revolver stand, 15 
Concord, Temple of, 139 
Condensation of Nebulae, 112 
Constant of resistance, 375 
Cooke, T., his telescope, 302 
Cooper, E. J., on Missing-stars, 237 
Copernicus, legalised by Pius VII., 116 

unacquainted with Aristarchus, 7 

lunar mountain, 54 

Cor Caroli, colours of, 330 
Corona, variable star in, 104 
Coronce Borealis i|, elongation of, 260 
Coronas Borealis y, closeness of, 262 

variability of, 262 

Coronae Borealis is optical, 262 
Coronae Borealis v, motion of, 271 

• orbit of, 271 

Cowley, quoted, 131 
Cowper, quoted, 388 
Crateris 17, brightness of, 245 

motion of, 245 

— Lord Wrottesley on, 245 

Cnist of the Earth, 47 
Cultivators of science, a list of, 18 
fit proper motion of, 286 

■ brightness of, 286 

colours of, 286 

Cygni 5, binarity of, 287 

orbit of, 287 

double-star near, 288 

Cygni \, colour of, 294 
Cygni 49, fixity of, 294 
Cygni 429 P. XX. fixity of, 295 
Cygni 61, importance of, 296 
discordances of, 296 


Cygni 61, proper motion of, 29(1 

DanieU, J. F., on Meteorology, 384 

Dmite, sees Cain in the Moon, 59 

Darwin, E., Eequiom on the Solar Systuiu, 40K 

Dawes, Eev. W. R, his solar (‘.yo-pie.ce, 28 

on Mercury, 42 

sees dots on Jupiter, 72 

on Saturn’s ring, 70 

discovers Saturn’s tliird ring, 

on e Bootis, 258 

on a new doiiblo-star, 2H7 

on y Virgiuis, 35‘.) 

quoted throughout. 

Daylight, on observing stiu’s by. 111 

Day of Century useful, 208 

De la Rue, W., his plates of tho Moon, 57 

his drawing of Saturn, 78 

Dc Lille on the Sun, 383 
Dell, T. on the eohpse of 1858, 38 

his observatory, 127 

Delphini, 178. P. XX. closeness of, 293 
Dembowski, M., on coloiu’S, 231 

on 0® Caucri, 289 

De Morgan, on History, 8 

on Galileo, 117 

on Neptunian discussion, 4211 

Do Veer, G. sees a parhelion, 39 1 
De Vico, Professor, on colour, 306 

driven from Italy, 3U7 

a zealous Astronomer, 308 

De Witte, Madame, her model of tlie muon, 58 
Diaphragms, reticulated, use of, 215 
Dickinson, J., his card-board, 355 
Discoverers, would-be, troublesome, 285 
Distance of stars, 100 
Dollond, J., bis fluid object-glass, 159 
Dome, construction of, 150 

raising of, by Mr. May, 152 

Donati’s comet, 98 

■ passes over Arctiunas, 256 

Double-star, a new, 293 
Double-stars, measuring of, 215 
re-measui'cd at Hartwell, 208 
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Double-stai’s meutioncd by Plolemy, 209 

Sir W. Herecbel on, 210 

Michell on, 209 

Lord Wrottesley ou, 301 

colours of, 306 

oi’bits of, 211 

parallax of, 154 

Drach, S. M., translates Job, 227 

on Khazzan, 261 

Dracouis tj, triplicity of, 273 
Draconis p, motion of, 276 
Draconis e, fixity of, 289 

Lord Wrottesley on, 289 

Dumb-bell nebula, 290 

Earth, centre of, 49 
— ' cvual. of, 47 

diagram of, 48 

Mr. Hopkins on, 49 

Arago on, 60 

density of, 47 

heat of, 47 

its rotation, 11 

- thermometers, 392 
KclipHC, annular, of 1 808, 84 

solar, observed by the Chinese, 2 

of Thales, 4 

Eclipses, solar, 32 
Ecliptic, obliciuity of, 51 
Electi-o-magnetism, used in Astronomy, 1 
Empirical law of Bode, 406 
Enckc on 70 Ophiuchi, 281 
his comet, 371 

drawn by C. P. Smyth, 871 

path of, 378 

elements of, 381 

Epps, Mr-, his meridional observations, 168 

buried at Hartwell, 168 

Ills unreduced observations, 176 

Equatoriid telescope, 147 

— tower, 147 

section of, 149 

Equinoxes, precession of the, 115 
E<piuloi X, colours of, 295 


Equulei X, new star near, 295 

proper motion of, 295 

Eridani r^. Captain Jacob on, 225 

companion of, 225 

98. P. m. motion of, 226 

Captain Jacob on, 226 

Eridani 82, fixity of, 227 

, colours of, 227 

Errata of the Cycle, 217, 232, 242, 347 
Erroneous statement, an, 115 
Errors, probable, in Transit Observations, 146 
Errors, typical, 114 

Etna, Mount, recommended for astronomy, 164 

height of, 461 

Evans, Eev- L., his instruments, 120 
Everest, Colonel, on the Sextant, 170 
Everett, Hon. E , on Hyperion, 82 
on W. C. Bond, 83 

Farewell to y Virginia, 453 

Easel, M., sees a paraselene, 388 

Ferrer, Don J. de, on the ecliptic, 169 

Festina lente, a good motto, 214 

Feuill^e, P^e, on a Centaun, 209 

Fletcher, H., his fomidry, 305 

Fletcher, 1. senior, observed transit of Venus, 46 

Fletcher, L, on the eclipse of 1858, 37 

on variable stars, 103 

on Tj Cassiopeffi, 218 

on a Bootis, 256 

mounting of his telescope, 302 

liis astronomical zeal, 302 

bia new observatory, 302 

on y Virginia, 360 

quoted throughout. 

Fluid object-glass, described, 158 

Barlow’s, 431 

Forbes, Professor, long thennometeis, 392 
Foucault, M., on rotation, 11 
Free-revolver stand, woodcut of, 15 
Mr. Airy’s opinion of, 17 

Galileo, observes stars by daylight, 114 
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Galileo, De Morgan on, 117 

imprisonment of, 118 

GaUe, Dr., on Saturn’s ring, 80 

finds Neptune, 416 

Galloway, T., on solar translation, 39 
Gambart, discovers Biela’s Comet, 96 
G^sendus, Mount, represented, 65 
Gautier, Professor, on magnetism, 31 
Gcber did not invent Algebra, 6 
Geminorum U., a variable star, 107 

to be obseived at Hartwell, 128 

Geminorum 38, motion of, 233 

colours of, 233 

Geminorum binarity of, 235 

Mr, Hind on, 235 

Captain Jacob on, 235 

Mr. Fletcher on, 236 

Geminorum S, motion of, 235 
Geminorum k, light of, 238 
Geographical co-ordinates, 463 
Geographical Society, address to, 461 
George H., his astronomical warrant, 43 
German mounting of telescopes, 165 
Gilberi, D., visits Hartwell, 140 
Gilliss, Lieutenant, on rj Argus, 109 

on /J Cygni, 286 

Giralda Tower, the, 6 

Glaisher, John, employed by Dr. Lee, 168 

James, his meteorological registers, 386 

improved system, 394 

Glimpse-star, ueai' \ Equulei, 295 
Goethe on the prismatic spectrum, 325 
Gravity, force of, on the Asteroids, 66 
Greenwich stars, their number, 177 
Gyroscope, by Laplace, 14 
by Foucaiilt, 14 

Hadley, on Saturn’s ring, 79 

Halley’s Comet, in the Bayeux tapestry, 89 

Chinese observations of, 90 

from the Nuremberg Chronicle, 91 

Halley, Captain, a commissioned oflSicer, 9 
Hampole, E. de, his Astronomy, 7 
Hartwell Observatory, origin of, 120 


Hartwell Observatory, its position, 464 
Hartwell, stars observed by Epps, 178 — 207 

colours determined al, 380 

meteorological instruments at, 894 

Harvard College, annals of, 78 
Hearing-tube described, 144 
Hebe, discovered by Hencke, 63 
Heliography, grand discovery, 61 
Heliometer, the, at Oxford, 156 

_ at Kdnigsberg, 279 

at Bonn, 282 

Hencke M., discovers Astrroa, 63 

discovers Hebe, 63 

Henderson, Professor, on y Virginis, 345 

long thermometers, 392 

Herculis c*, fixity of, 264 
Herculis ?/, difficulty of, 275 
Herculis K, orbit of, 274 

Lord Wrottesley on, 275 

Mr. Fletcher on, 275 

Herculis a, motion of, 278 

variability of, 278 

Herculis p, motion of, 279 
Herculis 200. P. XVII. fixity of, 279 
Herculis /.t, duplicity of B, 280 
Herculis 96, colours of, 281, 317 
Herculis 100, discordances of, 283 
Herschel, Sir W., on double stars, 210, 214 

on 51 M, Canum Vonat., 250 

on coloured stars, 314 

never predicted weather, 399 

Plerschel, Sir J., on solar spots, 26 

on stellar light, 74 

on Saturn’s ring, 76 

on Saturn’s satellites, 80 

on variable stars, 101 

on 7} Argus, 110 

on 51 M. Canum Venat. 260 

on 27 M. Vulpeoulaj, 291 

on stellar magnitudes, 820 

on the undulatory theory, 823 

on y Virginis, 388 — 351 

orbit of y Virginis by, 342 

on weather, 401 
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Herscliel, Sir J., on a new planet, 421' 

on Barlow’s object-glass, 482 

revised orbit of y "V^irginis, 489 

bis observations at tbe Cape, 489 

quoted througbout. 

Hestia, discovery of, 126 
Hevebus, bis Catalogue, 8 
Hind, J. E,, discovers Iris, 64 

discovers ten asteroids, 64 

receives tbe E. A. S. medal, 64 

on Halley’s comet, 90 

on variable stars, 102 

bis changing star, 108 

on a Centauri, 110 

on a Gerainorum, 285 

on colours of stars, 245 

on Bootis, 261 

on a Coron. Borealis, 271 

on X Opbiucbi, 278 

— on 70 Opbiucbi, 282 

on S Cygni, 287 

on y Virginis, 850, 861 

History, De Morgan on, 8 
Hopkins, Mr., on tbe Earth’s crust, 49 
Horizon, artificial, by Trougbton, 15 
Horton, Mr., meteorological registers, 394 
House of Treasures, tbe, 131 
Humboldt, Baron Yon, on light, 297 
Hydra 108 P. YHI., fixity of, 240 

colours of, 240 

Hydro) e, motion of, 240 
Hydra) 17, fixity of, 241 
Hyperion, discovery of, 82 
Hypothesis, nebular, thoughts on tbe. 111 
probability of, 113 

Index Expurgatorius, 117 
Infra Arcturum, a parallax- pointer, 255 
Inquisition, terrors of tbe, 118 
InstiTiments, at Hai’twell, 1 23 
Iris, discovered by Hind, 64 

Jacob, Captain, on Mars, 61 

on r* Eridani, 225 

on 98 P. HI. Eridani, 226 


Jacob, Captain, on 80 Tauri, 228 

on a Geminorum, 285 

on 51 Libras, 263 

on V Scorpii, 225, 264 

on a Coron. Borealis, 272 

on 70 Opbiucbi, 282 

on 29 Aquaxii, 298 

on y Virginis, 366 

James, Colonel, topographical positions, 464 

Janus, Temple of, 138 

Job, Book of, quoted, 227 

Johnson, M. J., bis bearing-tube, 146 

investigates parallax, 156 

on parallax, 256 

on y Virginia, 358 

Jones, T., his transit-instrument, 134 
Jupiter, white spots on, 72 

bgbt of, 72 

diagram of, 73 

a good photometric standard, 74 

satelbtes of, 75 

Kant, L, predicts a planet, 410 
Kempis, Thomas ii, quoted, 291 
Kepler, predicts a new planet, 405 
Kbazzan, office of, 261 
King, Admiral P. P., bis observations, 140 
Kowalski, Professor, on Neptune, 87 
Krbger, Dr. A., on 70 Opbiucbi, 282 
Kunowski, on K Orionis, 231 

La Galla, J. C., on Galileo, 118 
Laplace, on Chinese observations, 4 
Lardner, Dr., on Sativrn’s ring, 76 
Lassell, sees SaUim’s third ring, 78 

- discovers a satellite, 82 

on tbe satellites of Uranus, 85 

discovers Neptune’s satellite, 88 

bis reflecting telescope, 163 

repairs to Malta, 164 

on tbe sky of Malta, 165 

on Neptune, 416 

Latitudes of tbe stars, 115 
Le 9 on 8 d’Astronomie, 114 

3 p 
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Lee, Dr. John, prints this volume, iii. 

on the eclipse of 1858, 36 

purchase of instruments, 121 

loan to Euphrates expedition, 123 

lends telescope to N. Pogson, 126 

fits up a transit-room, 130 

adds an equatoreal tower, 147 

model for Paris exposition, 158 

engages Mr James Epps, 168 

liberality to Mi’s. Epps, 168 

his inscriptions on the Hartwell tran- 
sit instrument, 176 

his reduced transits, 205 

colour of a star in Hydrse, 240 

misinformed as to a star, 284 

direct comparison of colours, 309 

founds the Meterological Society, 385 

hie meteorological equipment, 394 

seconds Mr. Airy’s Amendment in the 

Neptunian discussion, 429 
Leith Hill, height of, 462 
L’Envoy, to the reader, 402 
Leonis, 8 and 18, not variable stars, 107 
Leonis E. a variable star, 107 
Leonis w, binarity of, 241 
Leonis y, motion of 242 

colours of, 241 

Leonis 49, fixity of, 242 
Leonis 67 P. X. motion of, 242 
Leonis 54, fixity of, 248 
Leonis i, binarity of, 244 
Leporis k, fixity of, 229 

examined by Lord Wrottesley, 229 

Leporis (3, duphcity of, 230 » 

Le Yerrier, on perturbations of Uranus, 418 

fixes Neptune’s place, 414 

honours conferred on, 416 

Libraries, pleasures of, 181 

Librro E. to be observed at Hartwell, 128 

Librse 61 seu ^ Scorpii, Captain Jacob on, 263 

orbit of, 263 

Light, of coloured stars, its properties, 815 

electric, velocity of, 322 

Light, male and female, of Milton, 319 


Light, its velocity, 297, 321 

stellar, differs from solar, 322 

undulations of, 322 

London Bridge, its height above the soa, 4().‘i 
Longitude by electric telegraph, H3 

found by Lunai’s, 464 

of Hartwell Observatory, 173 

Lowca Poundcry, polar axis cast at, 303 
Lowndes, Eev. C., liis Observatory, 175 
Lxmar influence on wcatlioT, 4 01 

mountains, height of, 57 

Lunars, rating chronometers by, AGi 

necessity of E. and W., -1(55 

better in high than low latitudes, dOG 

Lusieri, G., his excellent paintings, 332 
Luther, M., on a Herculis, 278 
Lyncis 12, motion ol‘, 233 

colours of, 233 

Lyncis 301 P. Yll. to be watched, 234 
Lyroj a, photographic inlluenoo of, 2H6 
Lyrro e, motion of, 286 
Ai’gelander on, 280 

Mabinogion and ICing Arthur, 250 
Maclcar, T., on Parallax, 101 

measures a small arc, I i 1 

on e Canis Maj., 234 

Macro-micro lens used, 300 
Macromicrometer, tire, 2 Id 
Mttdlcr, M., on sohir translation, d I 

on the moon, 57 

on Satmn’s ring, 80 

on b) Leonis, 241 

on r) CoroniB Bor., 260 

on Z Herculis, 274 

on 70 Ophiuchi, 282 

on a new planet, 411 

Magnetism, terrestrial, 29 

its connection witla the sun, 30 

General Sabine on, 31 

Magnitudes of stars, 212 

to be measured, 320 

Main, Eev, E., on solar ti’anslation, 39 
on Saturn, 75 
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Main, Rev. R., y Arietis, 221 

y Andromedoj, 223 

7j Cassiopca), 218 

detects proper motion in 2 Camelo- 

poi'di, 228 

on (3 Orionis, 229 

on ? Orionis, 232 

on e HydriB, 241 

on I Leonis, 244 

on 17 Crateris, 246 

on y Virginis, 247 

on 12 Caiium Venat., 248 

on 7j Coronm Bor., 2G0 

on ff CorontB Bor., 271 

on X Ophiuchi, 274 

on Draconis, 27G 

on e Lywc, 286 

on € Draconis, 289 

on ^ Acpiarii, 298 

Malta, its advantages for Astronomy, 165 
Mansliold, Lord, o!i inventions, 426 
Maixi Imln'iuin in tlio Moon, 56 
Mari'. Orisium, its three phases, 58 
Mariotte on bine stars, 294 
Marks, lui'-ridinn, described, 138 
Mars, colouring of, 61 

briglitnesH of, 62 

diagram of distance of, 62 

Martini, B.,]ns fluid object-glass, 159 
Maski'lyne, Dr., observes transit of Venus, 44 
Maury, Lieut , on Biela’s Comet, 96 
May, Chiu-les, his polygonal star, 151 

arranges equatoreal tower, 149 

Measuring of double-stars, 215 
Medal of the Royal Astronomical Society not 
awarded for Neptune, 429 
Medium, an ethereal, exists, 66 
Mercury, Schrooter on, 41 

. — : mountains of, 41 

Rov. W. R. Dawes on, 42 

Meridian-line, drawing a, 131 

measured, 172 

marks described, 138 

Meridional observations, by Epps, 178 207 


Meteorological Department, 383 

Instruments at HaxtweU., 386, 394 

Society, formation of, 385 

Meteorology, during an eclipse, 36 

importance of, 884, 392 

must be accurate, 398 

MicheU on double-stars, 21U 
Micrometer, double-image, 125 

ocular crystal, 126 

Miller, J. P , on y Virginis, 361 
Milton, on the lunar spots, 59 

on Gahleo, 118 

on male and female light, 319 

on the solar system, 405 

Missing stars, 237 
Mitchell, Profesor, on Antares, 272 
Mizar, photograph of, 249 
Monocerotis 11, is quadruple, 282, 

Monocerotis 8, 232 

colours of, 232 

Moon, the, 52 

atmosphere of, 60 

full, dissolves clouds, 60 

its influence on the weather, 59 

heat of, 60 

light of, 60 

the Man in the, 50 

model of, 58 

Moon-culminating stars, use of, 172 
Morton, Mr., on y Viiginis, 247 

on 51 M. Canum Ven., 251 

on V Scorpii, 265 

Mosotti, his stellar system, 296 
Mountains, lunar, height of, 57 
Mutiny on board the Paramour, 10 
Murray, Sm W. K., on Jupiter, 73 

diagram by, 73 

on y Andromeda, 223 

Nasmyth, J., on lunar mountains, 53 
Nebula, in Andromeda, 285 

the dumb-bell, 290 

Nebular Hypothesis, thoughts on the. 111 
- probability of, 113 
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NebulfiB, to be observed in Australia, 334 

condensation of, 112 

planetary, -wonders of, 118 

spiral ity of, 254 

Negretti and Zambra’s aneroids, 297 
Neptune, first seen, 415 

appearance of, 416 

discovery of, 86 

distance of, 88 

elements of, 87 

T name of, 430 

in Mr. Lassell’s telescope, 89 

ring of, 417 

Story of, 405 

satellite discovered, 88 

Nomenclature of colours, 818 

mythological, 81 

scientific, 67, 104, 430 

North, Rev. J., his telescope, 162 
Numerus Constans Nutationis, quoted, 218 
Nuremberg Chronicle, on Halley’s comet, 90 
quoted, 389 

Object-glass, colouring effect of, 328 

the fluid described, 158 

Barlo-w’s described, 431 

iJio large, not perfect, 152 

Observations, ho-w to take, 214 
Observatory, the Bedford, 120 

the Hart-well, origin of, 120 

of Rev, Mr. Reade, 175 

of Rev. Mr. Lowndes, 176 

of Mr. J. DeU, 127 

of Mr. T. Dell, 175 

of Mr. Fletcher, 304 

Observatories, pleasures of, 122 

private, aims of, 121 

their use, 402 

value of, 140 

Ocular-crystal Micrometer, 126 
Ogilby, J., on Charles H., 248 
Olbers’ hypothesis on asteroids, 65 
Ophiuohi Mira, a variable star, 103 
Ophiuchi E, a variable star, 107 


Ophiuchi X, motion of, 273 
Ophiuchi 19, difficulty of, 275 
Ophiuchi 36, discordances of, 276 

Green-wich, measures of, 277 

Proper motion of, 278 

Ophiuchi r, motion of, 280 
Ophiuchi 70, orbit of, 281 
Ophiuchi 73, motion of, 283 
Orbits, of Asteroids, 66 
Orbit of y Virginis, 342 

graphic method for, 448 

of y Virginis by Sir J. Herschel, 444 

— by Captain H. A, Smyth, 449 

Orionis /3, fixity of, 229 
Orionis X, colours of, 231 

fixity of, 281 

Orionis K, fixity of, 231 

colours of, 232 

Ostler, improves the anemometer, 896 
Ovid, Metamorphoses quoted, 401 
Ozonometers, use of, 897 

Palermo Catalogue, excellence of, 224 
Papal System, the -woodcut of, 119 
Parallax, detection of, 99 

of double stars, 154 

Mr. Peters on, 99, 256 

Mr. Maolear on, 101 

Mr. Johnson on, 255 

Lord Wrottesley on, 289 

Paramour, the, Halley’s ship, 9 
Paraselene, seen at Stone, 388 
Parhelia, seen in 1160, 389 

in.l596, 391 

Pearson, Dr., his Practical Astronomy, 21,5 
Pegasi I, discrepancies of, 299 
Pegosi 306 XXII. to be watched, 299 
Pendulum, the conical, 158 

experiments with, 11 

a new, 135 

by E. Trough ton, 128 

Persei 220 P. 11. why re-measured, 224 
Persei 40, fixity of 226 
Persei 58, fixity of, 228 
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Peraoi /3, its coloiirs, 32G 

Arago on, 326 

Perturbations extraneous of y Virginis, 356 

]V.tors, Mr., on parallax, 99, 266 

l*liotograpliy, wonderful discovery, 61 

Photography, Stellar, 285 

Photographs of star’s, 249 

Pierce, Professor, the first American F.R.S., 77 

on Saturn’s ring, 77 

on Neptune, 431 

Pisciuni 38, fixity of, 216 

Piscium 55, fixity of, 214 

Pischnu 251 P.O. orbital motion of, 219 

Pisciuni motion of, 220 

Pisciuni 100, angular retrocession of, 221 

Piscium 123 P. I , motion of, 221 

Piscium «, anomalies of, 222 

Pius Vn. legalises Copernicus, 116 

Plaiu't predicted by Kepler, 405 

PugHon, N , on Asteroids, G8 

his curves of variable stars, 108 

— discovers Ilestia, 126 

engaged at Hartwell, 128 

on the light of comets, 257 

— on variable stJU's, 266, 271 

Polar-axis of iron, described, 303 

— - costing of, 304 

when fii’st used, 154 

excellence of, 155 

Polar-cloelt, invented by Wheatstone, 142 

Poli, Manpiis, on the pendulum, 12 

Pollux, a variable stiu.’, 104 

I’ope, on human knowledge, 403 

Populiir Astrouomio quoted, 411 

Positions, topngrapliicivl, from Colonel James, 464 

Powell, B. B., on a Coronro Bor., 272 

on 70 Ophiuchi, 282 

Pmotical Astronomy, Dr. Pearson’s 215 
PreocHsiou of the equinoxes, 115 
Pi’tidictions of a new planet, 210 

of weather valueless, 399 

PresHurevstand, 17 
Prismatic spectra, 325 
Pristus of rock crystal, 125 


Private Observatories, aiTna of, 121 
Prominences in solar eclipses, 32 
Proper motion of a Bootis, 255 
Procyon a binary system, 238 
Ptolemy mentions double-stars, 209 
Pythagoras, his discovery, 6 

Quarries, or AUiowreah, 5 
Quetelet, M., on a telegraph-clock, 142 
Quixote, Don, on solar spots, 25 

Eadius-vector of Uranus, 421 
Reade, Rev. J. B., his Observatory, 175 
Reclamation for Mr. Wheatstone, 142 
Reduction of Mr. Epps’s observations, 177 
Reflecting Circle by Troughton, 169 
Reflector, the grand, 167 

to be sent to Australia, 334 

Registers, monthly meteorological, 386 
Ring of Neptune, 417 

of Saturn, its shades, 76 

Robinson, Dr., on Transit Observations, 146 

— on the Rosse Telescope, 250 

prediction on do., 254 

Rock-crystal prisms, 128 

Rogers, quoted, 335 

Eolle, R., his claims to philosophy, 7 

Rosse, Earl of, resolves the nehulse, 112 

— — Ms reflecting telescope, 160 

his last telescope, 166 

on 51 M. Cannm Ven. 253 

discovers spiral nehulse, 254 

— on 27 M. Vulpeculse, 291 

Rothman, W. R., on Chinese astronomy, 3 
Royal Society, awards Le Verrier a medal, 425 

Sabine, General, on Magnetism, 29 

Sagitarii, R. to be observed, 128 

Sagittse S, fixity of, 288 

Saint John’s Lodge, position of, 465 

Saint Helena, suited for an observatory, 289 

Sang, Mr., his gyroscope, 14 

Satellites of Jupiter, 75 
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Satellites, Neptune’s, discovered, 88 

Saturn’s, periods of, 80 

names of, 81 

of Uranus, 84 

orbits of, 86 

Saturn, re-examined, 75 

as seen by De la Rue, 79 

satellites of, 80 

Savary, M. on double-stars, 211 
Scale, cbromatic, necessity of, 381 
Science, cultivators of, 18 
Scientific nomenclature, 430 
Schiller on Saturn’s ring, 79 
Schiinbein, Dr., bis ozonometers, 397 
Schi’cnter, on Mercury, 41 
Schmnacher, Professor, on Jupiter, 72 
Sch-wabe, M., on solar spots, 27 
Soorpii V, Captain Jacob on, 226 

triplicity of, 264 

colours of, 266 

Scorpii 80 M. variable stars near, 266 
Scorpii E. table of observations of, 267 
Scoi’pii S. table of observations of, 269 

variability of, 270 

Scorpii a, duplicity of, 272 
Secohi, Padre, on Saturn’s ring, 80 

on colours of stars, 808 

Sostini, B., on colour, 306 

driven from Italy, 307 

settles in George Town, U. S , 308 

his hst of coloured stars, 309 

on coloured stars, 314 

on variable coloured stars, 319 

SeiTpentis b, binarity of, 262 
Serpentis 49, binarity of, 265 

new star near, 265 

Soi’pentis 69, colours of, 284 
Serson, Mr., his horizontal top, 15 
Sextant, use of the, 170 

advantages of, 171 

importance of its screens, 466 

Shakspeare, quotation Irom, 120 
Sheepshanks, Eev. R , his pendulum, 158 
Shutter, weight for closing, 133 


Sidereal heavens, a glance at, 99 
Sirius, a binary system, 238 
Smyth, Mrs., on Cygni, 287 

figures the Oxford heliometer, 156 

on colour of a star in Hydra, 240 

Caroline M. draws iron-casting, 804 

her untimely death, 304 

C. Piazzi, his free revolver, 15 

on the Mare Crisium, 58 

on the Moon’s heat, 60 

observes Jupiter on Teneriffe, 75 

on 7) Argus, 109 

sees Antares double, 273 

on /3 Cygni, 287 

obseiwes colom’ed stars, 315 

draws Eucke’s comet, 871 

on temperature, 393 

H. A. examines meridian line, 178 

his undertaking, 368 

his orbit of y Virginia, 449 

Solar ccHpses, 32 

Solar eye-piece by Mr. Dawes, 28 

Solar spots. Captain Stanyan on, 25 

discovery of, 25 

seen by Virgil, 25 

mentioned by Cervantes, 25 

Sir J. Hcrschel on, 26 

connected with magnetism, 26 

— M. Schwabe on, 27 

Solar system, disturbances of the, 408 

Solar Translation, 39 

SoUitt, Mr., sees e Bootis double, 258 

Somerville, Mi’s., on a new planet, 411 

South, Sir J., on the Bedford telescope, 153 

Spectra, prismatic, 325 

Spectrum, rays of, how estimated, 320 

different velocities of, 322, 324 

Sphere, the inerratic, 99 

Spiral nebulas, 254 

Spots solar, discovery of, 25 

Standard of colour, 329 

Stanhope, Earl, his reflecting telescope, 161 

his almanac, 162 

Stanyan, Captain, on solar spots, 25 
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Stiir-frassers, tlie, quoted, 147 

Star, polygonal, on Hartwell dome, 151 

Stars, coloured, fixity of, 258 

distance of, 100 

doulile, colours of, 306 

re-measured at Hartwell, 208, 211 

latitucles of the, 115 

luagnitudea of the, 212 

moon-crdminating, use of, 141 

used by Mr. Maolear, 141 

- observed by Rear-Admiral ] 

Philip Parker King, 141 

■ observed at Hartwell, 172 

— - on oHsciwing by daylight, 114 

vai'iiiblc, hunted up, 101 

list of, 1 06 

Arago on, 105 

cuiwes of, 108 

to be observed, 128 

in Scorpio, 266 

to bo watched, 326 

velocity of, 321 

Statennent, an erroneous, 115 

Steam, repulsed by the Admiralty, 112 

Sti!re.oBCopo, invented by Wheatstone, 142 

Story, tlie, of y Virginis, 335 

Slratlbrd, Lieutenant, prints paper on Neptune, 423 

Struve, W., on solar translation, 40 

his Etudes d’ Astronomic, 99 

quoted throughout. 

Sun-pJiiiiting, admirable discovery, 26 
Syslem, Solar, a glimpse of the, 25 

'rani-Lank Observatory, 304 
Taiiri SO, motion of, 227 
Tnuri SO, fixity of, 227 

colours of, 227 

Tauri 118, fixity of, 230 
'rdiou-kang, prior to Pythagoras, 6 
1\-legrapli clock. Professor Wheatstone’s, 142 

described by M. Quetelct, 142 

shown at the Royal Society, 143 

1\‘U‘SCOpe, the Bedford, mounting of, 153 

transferred to Hartwell, 153 


Telescope, 5-foot, by Tulley, 124 
Telescope, reflecting, Mr. Lassell’s, 163 

Earl Stanhope’s, 151 

particulars of, 163 

Earl of Rosse’s, 160 

Earl of Eosse’s last, 166 

Lord Wrottesley’s, 164 

Telescopes, small, can do much, 213 

mountings of, 155 

Tenoriffe, great crater of, 56 

Thales, eclipse of, 4 

Thermometers, Earth-, described, 392 

Thomson, quoted, 208, 306, 388 

Tides, observed by Halley, 11 

Time-ball, electricity applied to, 144 

Titana, compared with Titaiua, 85 

Titania, character of, 85 

TitiuB, of Wirtemberg, 407 

Top-horizontal, by Mr. Serson, 15 

Tower, cquatoreal, 147 

Toynbee, Henry, his lunar observations, 4.G4 

his position of St. John’s Lodge, 4(1(1 

Troitd des Couleurs, quoted, 294 

Transit instrument, lent to Colonel Chesney, 1 23 

— foundalion for, 132 

described, 134 

a legacy, 176 

Transit-room, at HortwoU, 127 — 130 
Transits, the American method for, 141 
Translation, Solar, 39 
Trionguli t, fixity of, 224 
Tropical year, its dui’ation, 51 
Troughton, E., his artificial horizon, 15 

pendulum by, 123 

bis reflecting circle, 1G9 

Tulley, telescope by, 124 
Typical errors in the “ Cycle,” 114 

Undulations in colour, 319 

of light, 322 

Uudulatory theory, Sir J. Herschel on, 823 
Uranus, form of, 88 

satellites of, 84 

radius vector of, 421 

Ursa Major, typified by King Artlmr, 250 


Mr. Bishop’s, 154 
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Ursa Majorifl motion of, 243 
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